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ANNOTATION 


This  book  is  Intended  for  those  interested 
in  the  questions  of  disinfestation  [Translator's 
Note:  disinfestation  =  extermination  of 
insects].  The  book  describes  the  contemporary 
insecticides  from  different  groups  of  chemical 
compounds:  chlorinated  hydrocarbons,  including 
those  obtained  by  diene  synthesis,  chlorinated 
terpenes,  organophosphorus  insecticides,  car¬ 
bamates,  vegetable  insecticides,  including 
synthetic  pyrethrins,  fumigants  and  various 
other  compounds  utilized  for  the  destruction  of 
arthropods;  also  described  are  the  forms  of 
application  of  insecticides,  their  synergism  and 
antagonism. 

The  biological  methods  for  controlling 
Insects,  including  attractonts,  repellents, 
physical  and  chemical  methods  of  sterilization, 
are  also  covered. 

There  are  also  described  the  epidemiological 
significance  of  certain  insects  (fleas,  lice, 
gnats  [Translator's  Note:  gnats  =  blood-sucking 
flies  collectively],  mites,  bugs,  mosquitoes, 
moths,  ants,  flies,  and  cockroaches)  and  the 
measures  for  controlling  them. 
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^xt  pages  5-67  [JPRS  57684] 


The  period  of  the  elimination  of  some  infeotiooa  diseases  and 
the  decrease  of  others  is  acoompanied  hy  the  expanded  use  of  inseoti- 
oides  for  the  purpose  of  exterminating  arthropods  —  veotors  of  infeo> 
tious  diseases ,  including  parasites  of  man  and  his  quarters . 

The  number  of  insecticides  has  substantially  risen  during  the  past 
ten  years,  but  there  is  no  manual  describing  modem  inaeotioides  and 
methods  of  their  application  in  the  control  of  veotors  of  infectious  dis¬ 
eases.  This  text  deals  with  theoretical  and  practical  problems  of  dis¬ 
infection.  In  addition,  a  dvscription  is  given  of  new  effective  prepar¬ 
ations  studied  in  the  last  decade. 

Of  the  enormous  number  of  synthesized  insecticides  suggested  for 
practical  use,  only  those  which  to  some  extent  can  be  used  for  the  purpose 
of  exterminating  arthropods  affecting  human  health  are  described.  Also 
presented  are  methods  of  controlling  these  species  of  arthropods. 

Muoh  attention  has  been  paid  to  biological  methods  of  control  of 
arthropods}  in  recent  years  they  have  been  more  commonly  applied. 

The  handbook  is  intended  for  physicians  at  disinfection  and  sani¬ 
tary-epidemiological  stations,  and  also  for  other  specialists  working  in 
these  establishments .  It  oan  also  be  used  by  workers  of  veterinary  estab¬ 
lishments  engaged  in  the  prevention  of  animal  diseases.  It  can  prove 
useful  to  instructors  in  epidemiology  in  the  hij^er  and  secondary  medical 
schools,  and  also  to  instructors  of  several  other  teaching  institutions 
where  problems  of  the  biology  of  arthropods ,  the  methods,  and  agents  for 
their  extermination  are  studied. 

Individual  chapters  of  the  book  have  been  written  by  the  following 
personal  Doctor  of  Biological  Sciences  M.  H.  Sukhova  ("Plies  and  Their  Con¬ 
trol")}  Candidate  of  Medical  Sciences  E.  B.  Kerbabayev  ("Malarial  Mosqui¬ 
toes,  Sand  Flies,  Buffalo  Gnats,  Biting  Midges,  Ticks,  and  Their  Control")} 
Candidate  of  Medical  Sciences  ?e.  T.  Shnayder  (Aoetion,  Acetoxon,  Diazinon, 
Roger,  and  Carbophos).  Doctor  of  Medical  Sciences,  Professor  Y.  I.  Vash- 
kov  prepared  the  plan  for  arrangement  of  the  Mterial,  wrote  the  remaining 
chapters  and  sections  of  the  book,  and  carried  out  the  general  ’.pervision 
and  editing  of  all  chapters  and  sections. 

Muoh  assiatanoe  was  provided  by  laboratory  aaalstant  V.  P.  Kratova. 
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Chapter  I  [  JPRS  J 

CBEHICAL  METHOD  AND  CHEMICAL  AGENTS  FUR  INSECT  EXTERMINATION 


Poisons  are  classified  according  to  the  objectives  against  which 
they  are  applied i  poisons  used  in  exterminating  insects  are  called  in¬ 
secticides  (from  the  Latin  words  inseotum  —  insect,  and  oaedo  —  I  kill), 
for  extermination  of  ticks  —  acaricides,  larvae  —  larvioldes,  eggs  of 
insects  and  ticks  —  ovicides,  and  for  extermination  of  mollusks  (slugs, 
etc.)  —  llmacides.  Agents  used  simultaneously  for  control  of  insects  and 
causative  factors  of  fungal  diseases  of  plants  are  called  inseotofungioides . 

!  Sometimes,  this  term  is  employed  to  designate  all  chemicals  used  in  agri¬ 

culture.  Preparations  used  to  exterminate  weed  vegetation  are  called  herbi¬ 
cides,  against  bacteria  —  bactericides,  against  spores  —  sporioides,  against 
vlinises  —  virulicides,  etc.  In  audition,  at  present  the  term  "pestdoides** 
n  is  used,  including  insecticides,  ratioides  (against  rodents),  limaoides 

(against  mollusks),  and  herbicides. 

Chemical  agents  —  Insecticides  —  are  widely  used  to  exterminate 
arthropods  in  general  and  vectors  of  causative  agents  of  infectious  dis¬ 
eases  in  particular.  These  compounds  exhibit  hi^  toxic  properties  for  in¬ 
sects  and  warmblooded  animals,  and  some  are  just  as  toxic  for  the  former 
as  for  the  latter,  while  others  are  highly  toxio  for  arthropods  and  of  low 
toxicity  for  warmblooded  animals. 

Inseotloides  are  widely  used  in  controlling  human  parasites,  includ¬ 
ing  vectors  of  infections  of  man,  animals,  and  birds.  They  are  widely  used 
in  controlling  pests  of  agrioulturul  plants  and  grain  stores,  produce,  etc. 

All  preparations  used  in  disinfection  (solid,  liquid,  gaseous)  are 
poisons  for  inseot  life.  Usually,  poisons  are  taken  to  refer  to  those  com¬ 
pounds  which  in  minimal  Amounts  aot  on  the  living  organism  and  induces  death 
or  serious  disturbances  of  its  physiological  functions,  leading  ultimately 
to  the  death  of  the  organism. 

Inseotloides  are  classified  by  the  mode  of  penetration  into  the  in¬ 
sect  organism,  from  the  objects  of  use,  from  the  method  of  preparation,  and 
from  the  ohemical  composition. 

Depending  on  the  inodes  of  penetration  into  the  inseot  organism,  poi¬ 
sons  used  in  oontrolllng  them  are  divided  into  throe  groups i 

l)  contact  inseotloides  —  preparations  penetrating  into  the  organ¬ 
ism  upon  contact  with  the  outloula,  including  throu^  the  thin  sections  of 
the  integuments  found  at  the  base  of  the  sensory  hairs,  espeoially  at  the 
probosois  az)d  on  the  chela  of  the  lege  in  oontaot  with  a  aurfaoe  on  which 
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the  inoeotioide  is  present; 

2)  Intestinal  inseotioides  —  preparations  penetrating  the  organism 
throu^  the  intestines  with  poisoned  food; 

3)  fumigants  —  preparations  penetrating  thu  organism  through  the 
traoheal  system  together  with  air. 

Some  inseptloiden  oan  be  related  in  their  action  directly  to  two  or 
even  to  all  three  groups.  An  example  oan  be  found  in  solvent  ^ai^htha  -  7^, 
hexaohlorane ,  chlorophos,  DSVP,  and  other  preparations  whioh  can  be  at 
one  and  tho  same  time  contact  insecticides  and  fumigants,  DDT  —  a  contact 
inseotioide,  but  it  can  be  used  in  the  form  of  vapors,  and  for  certain  in¬ 
sects  it  can  be  used  also  as  an  Intestinal  poison  (locust) . 

In  the  chemical  classification,  poisons  are  combined  into  groups 
closely  related  in  chemical  composition,  method  of  preparation,  and  chemi¬ 
cal  properties,  for  example,  chlorinated  hydrocarbons,  preparations  of  diene 
synthesis,  organophosphorus  compounds,  carbamates,  etc. 

Some  insecticides  have  their  own  characteristics  differing  in  extent 
of  action  on  various  insect  species i  for  some  they  are  highly  toxic,  and 
for  others  little  toxicity  or  none  at  all.  A  detailed  knowledge  of  prepara¬ 
tions  permits  the  use  not  only  of  harmless,  but  also  high-toxicity  insect¬ 
icides,  free  cf  danger  to  persons  and  warmblooded  animaln.  By  way  of  exam¬ 
ple  we  can  refer  to  the  fact  that  in  the  practice  of  disinfection  ure  is 
made  of  such  hi^  toxicity  compounds  as  prussic  acid,  ethylene  ovHde,  methyl 
bromide,  etc. 

In  treating  quarters  and  grounds,  inseotioides  often  are  used  in  the 
presence  of  people  and  animals.  T^iis  increases  the  possibility  of  their 
penetration  into  the  human  and  animal  organisms.  When  insecticides  are  used, 
first  of  all,  care  must  be  taken  so  as  not  to  inflict  harm  on  others, 
and  also  to  animals  and  plants. 

The  latest  data  on  the  physiology,  pharmacology,  and  pharmacodynamics 
of  insecticides  has  shown  that  some  of  their  general  properties  are  accounted 
for  by  their  oherlcal  structure.  This  makes  it  possible  to  more  deeply  and 
oorrsotly  engage  in  a  search  for  new  insecticides. 

In  searching  for  new  insecticides,  special  attention  is  paid  to  ef¬ 
forts  to  find  such  compounds  that  exhibit  high  toxicity  for  insects  and 
would  be  harmless  or  of  low  toxicity  for  people  and  animals. 

In  oonnectlon  with  extensive  scientific  research  in  the  synthesis  of 
effective  preparations,  we  present  those  requirements  to  whioh  newly  synthe¬ 
sised  Insecticides  must  correspond.  They  musti 

1)  exhibit  selective  action,  that  is,  devastiiigly  act  on  j.nseots  and 
at  the  same  time  have  no  harmful  effect  on  animals  and  man; 

2)  promote  extermination  of  insects  or  induce  their  deep  paralysis 
in  as  short  a  time  as  possible  with  a  small  dosage  (a  gram  per  kilogram  of 
insect  bodyvelgiit) ; 

3)  exhibit  a  sizable  resistance  to  the  effect  of  environmental  fac¬ 
tors  (humidity,  taaperature ,  llgiit); 

4)  not  cause  the  rotting  of  articles  in  the  immediate  environment  and 
materials  (do  not  ohange  their  stability  and  color) ; 

5)  exhibit  prolonged  residual  action,  that  is,  pass  on  to  tho  treated 
aurfaoes  inaeotloidal  properties  retained  for  a  long  tine; 
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6)  not  repel  Insects,  but  rather  attract  them  if  posalble} 

7)  manifest  their  action  both  at  room  temperature,  as  well  as  at 
the  lowest  temperatures  possible) 

6)  not  exhibit  an  unpleasant  odor) 

9;  be  used  easily  and  safely,  that  is,  nonflammable  and  exploeion- 

free; 

10)  be  aooessible  in  price. 

However,  not  all  inaeoticides  meet  these  requirements.  Among  num¬ 
erous  agents  proposed  for  control  of  insects,  although  not  all,  still  most 
of  these  requirements  are  met  by  the  preparations  DDT,  ohlorophos,  hexaohlor- 
ane ,  carbcphos ,  etc . 

When  insecticides  are  used  both  within  as  well  as  outside  quarters, 
allowance  must  always  be  made  for  the  effect  of  environmental  factors.  A 
change  in  the  humidity  does  not  have  a  marked  effect  on  inaeotioidal  action. 
The  presence  of  wind,  rain,  fluctuations  in  temperature,  and  other  factors 
lead  to  decreased  effectiveness  of  inseotioides .  It  has  been  established 
that  hexaohlorane ,  heptachlor,  and  aldrin  become  completely  ineffective  on 
surfaces  after  rain  for  24  hours)  toxaphen  and  dieldrin  retain  their  effect¬ 
iveness  under  these  conditions.  Upon  an  exposure  of  24  hours  outside  quart¬ 
ers,  in  the  shade,  at  high  temperatures  on  plants,  the  effectiveness  of  hexa- 
chlorane,  heptachlor,  and  aldrin  is  considerably  reduced.  Under  the  effect 
of  solar  light,  dieldrin  wholly  loses  its  ef feotiveness )  at  the  same  time, 
diffuse  and  direct  rays  of  solar  light  lave  no  strong  effect  on  toxaphen. 

An  increase  in  dosage 'does  not  prolong  the  residual  effect. 

Air  temperature  is  of  major  importance.  Fluctuation  in  temperature 
is  reflected  in  the  sensitivity  of  insects  to  insecticides.  Thus,  with  an 
increase  *n  temperature  of  maintenance  of  insects  after  application  of  in¬ 
secticides  from  20  to  50*,  the  toxicity  of  DDT  is  reduced  and  the  activity 
of  dieldrin  and  diazlnone  is  intensified,  but  this  has  no  effect  on  hexsohlor- 
ane,  although  the  death  of  flies  is  increased  with  increase  in  temperature. 

Insecticides  can  have  a  local  or  general,  immediate  or  remote  effect. 
The  immediate  or  direct  effect  is  characterized  by  the  fact  that  signs  of 
the  action  of  insecticides  on  an  insect  is  observed  in  a  short  time.  When 
remote  action  is  operative,  changes  develop  slowly  and  set  in  after  a  longer 
period  of  time.  For  example,  in  the  action  of  several  poisons  on  fly  larvae 
they  do  not  succumb  and  proceed  to  pupate,  however,  later  the  pupae  succumb. 

Preparations  differ  from  each  other  in  extent  of  toxicity,  which  is 
measured  by  the  quantity  called  the  minimum  lethal  dose,  that  is,  the  small¬ 
est  amount  of  poison  causing  the  death  of  the  insect. 

In  establishing  the  toxicity  of  poisons  for  insects  (insecticidal 
properties)  six  methods  are  usedi  I)  application  of  the  insecticide  on  a 
specific  part  of  the  insect  body  (topical  application))  2)  immersion  of 
insects  in  a  solution  of  the  inseotioide)  })  contact  of  the  insecticide 
with  a  test-object  ooated  with  the  inseotlclde,  or  spraying  of  the  insect 
with  an  inseotlcldal  solution)  4)  administration  of  the  inseotioide  with 
food  (study  of  intestinal  action))  5)  administration  of  the  Inasctioid'! 
with  inhaled  air)  6)  administration  of  the  insecticide  in  the  hemolymph 
of  the  insect  (with  the  aid  of  a  syringe). 

In  topical  application,  the  minimal  Istbal  doss  —  ?J)  —  is  sx- 
presssd  usually  in  grams  (mlorograms  —  meg)  par  inssot  (gxai^inatot). 
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but  in  oomparing  the  toxicity  of  a  poison  for  different  insects  the  lethal 
dose  is  given  in  miorogramo  or  sometioiea  in  Dilligrams  per  gram  of  bodyweight 
for  insects  (ing/gm)|  or  per  kilogram  of  live  weight  for  warmblooded  animals 
(mg/kg) • 

Iiethal  doses  inducing  death  of  half  of  the  Insects  are  designated  by 
(in  miorograns  cr  grams),  doses  inducing  total  death  of  insects  are 
denoted  by 

Upon  immersion  in  a  solution,  by  spraying,  or  contact,  the  following 
commonly  accepted  conventional  designations  are  employed:  LC  —  lethal  con¬ 
centration,  LC_^  —  lethal  concentration  inducing  the  death  of  half  of  the 
insects,  —  concentvation  inducing  total  death  of  insects. 

When^an  insecticide  penetrates  into  the  organism  of  an  insect  or  higher 
animal,  it'  is  degraded  and  partially  detoxified.  The  term  "detoxification" 
relates  to  reactions  as  a  result  of  which  the  toxicity  of  the  absorbed  sub¬ 
stances  is  reduced;  this  does  not  always  occur,  on  the  contrary,  in  several 
oases  as  a  result  of  the  degradation  of  the  poison  entering  the  organism, 
extremely  toxic  metabolites  are  formed,  ilonetheless,  in  moat  cases  such  re¬ 
actions  are  accompanied  by  the  formation  of  nontoxic  substances. 

The  mechanism  of  activation  usually  Includes  the  reaction  of  oxida¬ 
tion  (conversion  of  heptachlor  into  its  epoxido,  aldrin  into  dieldrinj 
conversion  of  the  thionophosphates  into  phosphates;  oxidation  of  thiolic 
esters  Into  sulioxides  end  sulfones;  oxidation  of  phosphoramides  into  more 
stronger  inhibitors  of  cholinesterase).  The  type  of  change  depends  on  the 
chemical  structure  of  the  compound  and  the  insect  species  --  DDT  is  meta¬ 
bolized  by  flies,  lice,  certain  species  of  mosquitoes,  American  cockroaches, 
Mexican  beetles,  cotton  pests,  fruit  flies,  and  other  insects,  but  this  pro¬ 
cess  follows  four  or  five  different  routes. 

Several  processes  of  the  degradation  of  insecticides  in  the  insect 
organism  occur  as  they  do  in  warmblooded  animals. 

Study  of  the  toxicity  of  insecticides  of  the  chlorine-containing 
hydrocarbon  group  haa  shown  that  given  the  same  concentrations  of  prepara¬ 
tions  tha  tissues  of  insects  and  animals  react  similarly,  in  spite  of  dif¬ 
ferences  in  the  structure  physiological  features.  It  is  wholly  probable 
that  the  principal  metubolic  processes  in  the  cells  of  insects  and  mamoials 
are  essentially  the  same.  Therefore,  any  compound  affectlnfir  the  respiration 
of  cells  is  identically  toxic  for  arthropods  and  mammala  under  identical 
routes  of  penetration  into  the  site  of  action.  However,  in  actually  this 
looks  differently.  For  man  the  danger  begins  only  when  inaeotlcides  enter 
his  organism  in  oonoentrations  1000  and  more  times  greater  than  the  doses 
needed  to  kill  ineeots.  This  refers  to  the  entire  group  of  chlorinated 
hydrocarbons;  they  are  insoluble  in  water  and  are  slowly  adsorbed  from 
the  intestine  or  through  the  skin  of  the  person.  In  intravenous  administra¬ 
tion  in  experiments,  the  toxicity  of  chlorinated  lies  within  the  limits  of 
1.3  *■  230  mg/kg  of  bodywei^t. 

Insecticides  act  much  more  strongly  on  arthropods  than  on  vertebrate 
animals,  which  obviously  is  accounted  for  by  differences  in  the  ratio  of 
bodyweig^t  to  body  surface  area.  In  arthropods  the  vital  centers  are  sev¬ 
eral  microns  froa  ths  nurfsos,  whils  in  nan  they  are  at  a  distance  of  sev- 
sxal  osntiastera  from  ths  oorreapooding  surface.  Thus,  for  example,  hexa- 
•hlorans  or  OUT  are  hi|^ly  tuxlo  far  inssots,  since  they  rapidly  reach  their 
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vitall7  important  centers.  Similar  oonoentrations  cannot  be  induced  in  the 
vital  centers  of  man  simultaneously  subjected  to  the  action  of  this  prepara¬ 
tion  (Q.  K.  Kovalev). 

Preparations  obviously  have  a  monotypioal  effect  on  organa  and 
tissues  both  of  man  and  insects  sensitive  to  the  given  ooiqpoundai  more- 
,  over,  the  results  of  the  action  differ  due  to  the  fact  that  phyaiologioal 
and  biochemical  processes  occurring  in  organs  and  tissues  of  maanals  dif> 
fer  from  those  occurring  in  ln.ieots.  In  addition,  Inoeots  and  mamnala 
differ  in  content  of  enzymes.  For  example,  mammals  have  enzymes  capable 
of  rapidly  detoxifying  the  gamma-isomer  of  hexaohloroyolohexane  and  aetb- 
oxychlor,  while  these  enzymes  are  lacking  in  insects,  which  absence  has 
an  effect  on  the  degree  of  toxicity.  In  mammals  enzymes  capable  of  detox¬ 
ifying  an  insecticide  usually  fulfill  some  other  role  in  fact. 

Insects  differ  from  vertebrates  in  the  oha;::aoter  of  their  reaction 
to  insecticides.  In  the  neuromuscular  system  of  insects,  it  would  seem  to 
be  that  no  pathological  changes  are  noted  after  the  action  of  insecticides) 
thus,  phenols  are  converted  in  Insects  into  beta-gluoosides.  In  this  re¬ 
spect,  reactions  occurring  in  insects  are  skin  to  reactions  occurring  in 
plants  in  which  phenols  are  detoxified  by  condensation  with  glucuronic 
acid.  Reactions  of  the  conversion  of  phenols  into  ether  sulfates,  the  ace¬ 
tylation  of  aromatic  amino-groups,  and  oondensation  of  azromatio  acids  with 
glycine,  and  the  methylaticn  of  the  heterocyclic  nitrogen  ring  —  all  this 
has  been  observed  both  in  vertebrates  as  well  as  in  insects.  In  connection 
with  the  lack  of  sufficient  data  on  the  oxidation  of  extraneous  organic 
compounds  penetrating  into  the  insect  organism,  it  is  la^oasible  to  estab¬ 
lish  whether  the  same  mechanism  participates  as  in  the  case  of  vertebrates. 
However,  what  is  known  with  respect  to  the  intermediate  metabolite  ~  tryp¬ 
tophan  and  tyrosine  compels  the  assumption  that  in  this  case  there  is  a 
common  "reaction  pathway.”  The  products  of  the  metabolic  oxidation  of 
thiophosphates  and  phosphoramide  insecticides  in  vertebrates  and  insects 
a«  the  same,  and  these  products  are  considerably  more  toxic  than  the  ini¬ 
tial  compound.  Detoxification  in  organophosphorus  compounds  in  most  oases 
occurs  in  the  form  of  hydrolytic  reactions. 

The  toxic  action  of  chemical  preparations  on  insects  is  based,  appar¬ 
ently  ,  on  the  fact  that  each  of  them  is  alien  to  the  organism  and,  acting  on 
the  latter,  alters  the  structure  of  protein  or  disrupts  enzymatic  processes 
ooourfingjn  the  insect  organism,  as  a  result  of  which  its  normal  functions 
are  upset.  The  action  of  poisons  on  living  plasma,  hlj^ly  complex  in  its 
oompioal  composition,  consists  of  a  combination  of  physical,  physioo-ohemi- 
orl,  and  chemical  phenomena. 

Among  insecticides,  a  high  proportion  is  represented  by  contact  in- 
seotioldes,  which  at  present  have  become  widespread  and  are  the  principal  in¬ 
secticides  used  in  practice.  The  first  effective  synthetic  preparstion 
introduced  into  practice  —  bisethylxanthogea  (preparation  K)  —  was  obtained 
in  1938  (P.  S.  Khanenya  and  S.  V.  Zhuravlev))  then,  several  other  pr'^pars- 
tione  appeared  I  in  1944  —  DJXT  (V.  I.  Yashkov,  L.  H.  Pogodina,  N.  A.  m- 
nova,  A.  V.  Molchanov,  etc.))  in  1945  —  hexachloroyolohexane  and  its  iHomer 
(I.  S.  Travkin,  V.  H.  Poliksrpov,  X.  K.  Mel'nikov,  L.  X.  Pogodina,  V.  1. 

S*  A.  Sasonovs,  lu.  N.  Besobxmsov,  etc.).  Diene  preparations  were 
introduced  into  practice  in  lyJO,  and  organophosphorus  oompouuds  (ohlorophos) 


—  in  1960{  in  1961 >  several  highly  effective  organophosphorus  preparations 
appeared  (aoetoxone^  aoetion,  eto.)> 

Some  contact  compounds  act  aearingly,  destroying  the  external  soft 
and  thin  integuments  of  the  body}  they  include  kerosene,  mazut,  sodium  ar- 
senite,  phenol,  and  oarbolineum.  Among  compounds  penetrating  through  the 
external  integuments  Into  the  body  and  slowly  disintegrating  the  tissues 
are  alkalis,  sodium  fluoride,  and  several  other  compounds.  Other  contact 
ineeotloides  act  meohanleally,  plugging  the  traoheas  of  Insects  and  induc¬ 
ing  death  fxrom  suffocation;  these  are  the  mineral-oil  emulsions,  etc.  Some 
of  the  contact  insecticides  also  exhibit  Intestinal  action,  but  those  of 
them  which  more  rapidly  and  more  reliably  act  on  the  insect  organism  through 
external  integuments  in  further  exposition  will  be  classed  by  us  as  contact 
poisons . 

The  toxic  action  depends  on  the  properties  of  the  preparation,  the 
quantity  used,  the  insect  species,  its  individual  characteristics,  and 
length  of  contact  with  the  insecticide. 

Contact  insecticides  are  used  to  poison  insects  in  all  stages  of 
their  development.  These  insecticides  are  used  in  the  form  of  dusts,  solu¬ 
tions,  emulsions,  suspensions,  aerosols,  etc.  For  man  and  domestic  animals 
the  greater  part  of  contact  insecticides  is  less  poisonous  than  insecticides 
of  intestinal  action,  owing  to  which  contact  insecticides  under  otherwise 
equal  conditions  are  preferred  above  other  insecticides. 

Contact  insecticides  penetrate  through  the  external  integuments  of 
insects,  which  consist  of  several  protective  membranes  passing  different 
preparations  to  differing  degrees.  The  penetration  of  an  insecticide  through 
insect  integuments  (outioula)  is  based  not  on  simple  diffusion,  but  on  phen¬ 
omena  of  penetrability  through  living  membranes. 

Figure  1.  Longitudinal  section  through 
the  outioula  of  a  larva  of  the  flour- 
beetle,  according  to  the  data  of  L.  N. 
Semenova.  1  —  eplcuticula;  2  —  oxo- 
outioulai  J  —  endooutioula I  4  —  hypo- 
dermis  . 


Insect  intemoienta  consist  of  two  membronesi  the  hypodermis  and  the 
outioula  (Figure  1).  The  hypodermis  —  the  inner  membrane  —  consists  of 
a  single  layer.  The  outlcula  —  the  outer  membrane  --  consists  of  three 
layers I  the  epioutloula,  exooutloula,  and  the  endocutloula .  The  epicuti- 
oula  —  the  outermost  layer  •  -.s  0.2  -  0.^  micron  thick  and  comprises  two 
layers  I  the  lipoidal  and  the  protein.  The  epioutloula  can  be  regarded  rs 
the  first  barrier  on  the  path  of  penetration  of  oontaot  insecticides  into 
the  inaeot  organlaa.  The  exooutloula  —  the  rigid  layer  of  varying  thiokness 
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—  oontaina  ohitin  and  protein,  and  in  aoise  inaeots  lipolda  aa  vell|  thaaa 
lattar  are  usually  in  the  upper  layer  of  the  outioula* 

In  aone  inaeots  the  epiouticula  consists  of  several  layers #  Thus, 
for  example,  in  meat  fly  larvae  the  epiouticula  has  two  layers,  hut  in  the 
caterpillar  of  the  silkworm  moth  —  five  layers.  Ihe  endooutioula,  aa  true 
also  of  the  exooutioula,  consists  mainly  of  ohitin  and  protein.  The  endo¬ 
outioula  of  oockroaohea  and  fly  larvae  oonsists  of  up  to  60  ^  ohitin.  The 
exooutioula  and  the  endoout5.oula  serves  mainly  for  aeohanioal  protection  of 
the  insect  organism. 

The  outioula  protects  the  internal  organs  from  injury |  some  of  its 
seotlons  serve  aa  insertion  sites  for  musculature.  It  lines  several  in¬ 
ternal  organs,  for  example,  soma  of  the  intestine,  respiiatory  system, 
and  serves  as  a  barrier  retarding  evaporation  of  water  by  the  organism. 

The  mode  of  life  of  insects  to  a  large  extent  depends  on  the  pemsability 
of  the  outioula.  The  external  integumenta  are  relatively  iapemeable  for 
water;  this  fact  accounts  for  the  possibility  of  life  for  inaeots.  The  en- 
docuticula  and  the  er.ooutioula  are  permeated  by  numerous  canals  not  extend¬ 
ing  into  the  epiouticula.  The  ducts  of  skin  glands  run  throu^  the  entire 
cutciula,  including  through  the  epiouticula.  The  hypoderais  lies  under 
three  layers  of  the  cuticula.  From  the  cells  forming  the  hypodemls  run 
cytoplasmatic  filaments,  which  penetrate  the  endooutioula  and  exooutioula, 
but  do  not  permeate  the  epiouticula. 

Investigations  by  several  authors  on  the  problem  of  the  permeability 
of  the  cuticula  can  be  summed  up  as  follows i  the  penetration  of  compounds  into 
the  insect  organism  occurs  through  their  integumenta  and  depends  on  the  per¬ 
meability  of  the  cuticula.  At  the  base  of  the  pores  from  which  hairs  and 
chelae  emerge,  covering  the  entire  body  of  the  insect,  and  also  betwsen  S9g~ 
ments  forming  the  insect  body,  the  cuticula  ia  thinner  and  hare  penetration 
of  the  insecticide  proceeds  more  rapidly.  Lipoids  present  in  the  outioula 
and the  cuticula  upon  contact  with  several  preparations  are  dissolved,  and 
the  toxic  compound  finds  access  to  the  hypodermle  and  to  the  nerve  endings 
and  lymph  ducts.  The  undamaged  layer  of  the  of  the  ouvioula  proteote  the 
penetration  throu^  the  latter  of  various  compounds  in  solutiona.  Thus,  for 
example,  according  to  the  data  of  A.  A.  Skvortsov,  a  saturated  solution  of 
oupric  sulfate  penetrates  throu^  the  outioula  of  fly  larvae  in  4  -  4.^ 
hours,  but  throu^  the  cuticula  previously  treated  with  evher  dissolving 
lipoids,  in  4  -  ^  minutes.  Substantial  variations  in  the  rate  of  penetra¬ 
tion  of  the  same  compound  can  depend  on  thespeoiee  of  the  insect,  its  age, 
and  its  nutrition.  Major  significanoe  for  the  rate  of  penetration  of  poisons 
attaches  also  to  individual  oharaoteristios  of  ths  atruoturs  of  ths  inasot 
cuticula.  Even  for  the  same  insect  species  in  the  sane  developmontal  stage, 
acme  variations  ars  obssrved  in  the  rate  of  penetration  of  the  same  compound. 
In  the  stretched  outioula,  the  rate  of  penetration  inoreasta  compared  with 
wrinkled,  which  depends  both  on  the  fatigue  of  the  membrane  protecting  the 
inaeot,  and  on  the  dilation  of  the  duct  porea. 

A  principal  rola  is  liloyed  by  the  epiouticula,  in  the  mskeup  'jj 
a  wax  layer  protecting  the  organism  from  deesioatioa  is  always  found.  It 
is  advantagaous  to  destroy  it  or  sven  to  damage  it,  slnoe  then  water  loaaea 


of  the  inseot  rapidly.  This  is  rnarkedly  apparent  in  damage  to  the 
outioula  by  araall  sharp  particles  of  various  nonpoisonous  powders.  Thus, 
oockroBOhes  and  bugs  succumb  when  sprayed  with  silica  gel;  Disruption 
of  the  integrity  of  the  epiouticula  by  neutral  powders  is  especially  im¬ 
portant  when  using  contact  preparations,  since  even  partial  disintegration 
of  the  wax  layer  somewhat  facilitates  the  penetration  of  poisons  throu^ 
the  integnmenta. 

It  is  not  at  all  obligatory  that  the  poison  cover  the  entire  sur¬ 
face  of  the  external  integu-'nta  of  the  insect.  We  have  succeeded  in 
tracing  the  penetration  of  DDT  through  strictly  limited  sections  of  the 
outioula  on  the  dorsum  of  bugs;  the  insect  succumbs  also  in  those  cases 
when  the  preparation  is  applied  only  on  one  of  its  tarsi  (for  example, 
the  rear). 

In  all  modes  of  penetration  into  the  insect  organism,  insecticides 
nter  the  hemolymph,  which  carries  them  throughout  the  entire  body. 

In  using  poisons  aoting  on  the  nervous  system,  to  the  fore  emerge 
phsnociena  related  to  the  attack  on  the  latter;  externally,  this  is  expressed 
in  8ei/.ure8,  trembling,  and  complete  or  partial  paralysis  of  various  groups 
of  muscles  duo  to  the  fact  that  nerve  tissue  is  highly  susceptible  to  tho 
action  of  an  Insecticide. 

The  process  of  poisoning  an  insect  with  poisons  acting  on  the  nervous 
system  after  contact  with  the  latter  consists  of  the  following  stages:  l) 
the  latent  period;  2)  the  period  of  excitation;  5)  the  toxic  action  period, 

dose,  insect  species,  time  of  contact,  temperature,  etc.;  4)  the  period  of 
recovery,  if  the  insect  has  not  euccumoed.  In  this  last  period,  the  dis- 
nipted  functions  of  individual  organs  gradually  return  to  normal,  while  the 
anatomical  disturbances  setting  in  after  the  action  of  the  poison  are  re¬ 
stored.  As  a  result  of  the  action  of  several  poisons  (ohlorophos  and  pyre- 
thrum)  sometime  the  recovery  period  la  followed  by  the  period  of  remote  > 
action  of  the  poison  on  insects. 

It  is  sufficient  for  an  insect  to  reside  on  a  treated  surface  for  a 
short  time  in  order  for  poisoning  to  take  effect.  A  fly  or  a  mosquito  sit¬ 
ting  on  a  surface  treated  with  DDT  oontaota  it  with  its  tarsal  claws,  which 
become  covered  with  crystallites  of  the  preparation.  In  addition,  the  in¬ 
sects  probe  the  object  on  which  they  sit  with  their  proboscis,  which  assures 
adequate  intake  of  the  poison  into  the  insect  organism  throu^  the  labeller 
surface  rich  in  sensory  endings. 

Contaot  inseotioldes  are  used  in  controlling  parasites  of  domestic 
animals . 

Several  contact  inseotioldes  oan  be  used  aa  intestinal  poisons  and 
fumigants . 

Synthetic  oontaot  inseotioldes  —  DDT,  hexachlorane ,  its  gamma-isomer, 
methoxychlor,  thiophoo,  etc.  —  are  wlde^  used  in  agriculture  and  veterinary 
practice.  The  main  inoentive  promoting  the  ayntheeie  and  batting  up  of  pro¬ 
duction  of  auoh  Inaaotioidaa  In  enormous  quantities  lies  in  the  effort  to 
proteot  harraata,  agricultural  plants,  prooassad  products,  and  also  products 
of  aniaal  origin. 
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Not  on^  Insects  damaging  agrioultural  -plants  but  also  insects  of 
enoraous  benefit  are  highly  susceptible ‘to  inseotioides .  Of  the  large 
nunter  of  contact  insectloidea  in  existence,  the  highest  toxicity  is  shown 
by  thiophos.  For  example,  90  i»  of  bees  (lD^^)  suoouab  when  p.15  mog  of  thw 

preparation  io  applied  on  a  single  individual, 

eystemiS^MtiM’  begun  manufacturing  preparations  exhibitint 

systemic  action,  that  is,  when  applied  to  the  soil,  they  enter  throuah 
plent  roots  and  are  carried  by  plant  Juices  throughout  tlie  entire  plant 

.  fJyJ°^^0^’0P^0'«rlmethylmethylph08ph0r0midate  ~  a  systemic  inseoti- 
^de  for  interml  use  against  gadflies  and  other  cattle  2! 

^50  administration  is  1000  mg/kg. 

with  ■"  ®  contact  insecticide  with  several  fungicidal  properties 

.,,10 

UlmetbjUibromodiohloroothylphSVate  —  Ml 

aystemio  insecticide  and  aoaricide  with  several  fum'iMii'innA'i 

The  LD  for  rats  is  430  mg/kg.  Wgational  properties. 

-  a  contact  and  systemic 

s  cSSS:*- ^  Ss-:=i. 

anH  f"”®**'^^“^»^"^^"i*^opbenol  ~ja  powerful  systemic  poison  (for  plants i 
end  contact  insecticide .  The  U)  for  rats  is  40  -  65  oJkg!  ^ 

Cryolite,  or  sodium  alumioofluoride  —  a  systemio  (for  plants^  an.) 
oonuot  lj..o.l.id.,  „.kip  «r.Hood,d  ’ 

oA-,+  ”®*^^JJ^“®***®"®"0»0"dimethyl-0-2(ethylthiophoephate  ~  a  contact  In 
m^ki?  ^  -ubstantial  systemic,  action.  The  U>^  for  rats  is  40  -\b0 

inseotlJidJ!^°***“^^*‘*^*^^°®‘’°"^‘’*^*  “  P^O“i®in«  ®  87»temio 

-  a  0;0-di«thyl.S-2(ethylthio)ethyldithiopho.ph.te 

m^kg!^  insecticide  for  plants.  The  LD^  for  rata  is  2.6  -  12.5 

Byeteni^^^IlI!i^  .°’?"'^^®J^^-®-(®**Vlthiomethyl)dithiopho8phate  - 
systemic  insecticide  for  plants.  The  for  rats  ie  5.7  mg/kg. 

«K.v-  b.  ^o«pb®«ldon,  or  diaethyl-2-ohloro-2-diethyloarbanyl-i-metKYlvlTivl 

Ph,^.  Ml  l«..u,id.  .„U.1,  "Tu"'"' 
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Fluoraoetanilide  —  a  poison  eyatemio  for  plants.  The  LD,-q  for  rats 
is  10  mg/kg. 

Insecticides  applied  in  soil  hare  no  strong  effeot  on  soil  roicroflora 
either  positively  or  negatively.  Thus,  heptaohlor  and  DDT  inhibit  the  popula¬ 
tion  of  molds  in  various  types  of  soil}  hexaohlorancyclohexane  in  some  cases 
promotes  an  increase  in  mold  population)  aldrin  retards  the  growth  of  molds, 
but  dieldrin  inorease  their  numbers)  when  parathion  is  present  in  the  soil, 
the  number  of  bacteria  changes  only  sli^^itly. 

Lindane,  DDT,  and  aldrin  are  absorbed  by  plants  to  a  considerable 
extent)  carrots  absorbs  the  grsatest  amount  of  the  preparation,  but  whon 
lindane  is  present  it  is  also  accumulated)  the  latter  is  readily  absorbed 
by  potatoes,  etc.  The  insecticide  is  more  readily  absorbed  from  sandy  soil 
than  from  loamy. 

When  sizable  amounts  of  hexachlorane  are  applied  to  soil,  vegetables 
acquire  a  specific  odor  and  become  unsuitable  for  human  nutrition.  Plants 
grown  in  soils  treated  with  aldrin  contain  both  aldrin  and  dieldrin  in  their 
tissues . 

After  chlordane  is  applied  to  soil,  15  9^  of  it  can  be  detected  over 
a  period  of  12  years)  hexachlorane  is  detected  to  the  extent  of  41  9^  in  11 
years)  heptachlor  can  be  isolated  for  approximately  9  years,  while  with  the 
aid  of  biodeterminations,  the  presence  of  4  -  ^  9^  of  the  poison  can  be  estab¬ 
lished  in  the  form  of  heptachlorepoxide;  aldrin  disappears  from  soil  in  4 
years,  part  of  it  converting  into  dieldrin,  which  can  be  isolated  to  the 
level  of  8  -  10  9^  of  the  dose  used. 

In  controlling  grain  pests,  insecticides  are  used  in  treating  both 
empty  and  filled  warehouse  bins.  In  particular,  contact  insecticides  are 
used  also  for  the  purpose  of  impregnating  sacks  intended  to  store  grain  pro¬ 
ducts.  In  storing  grain  in  cotton  bags,  the  inner  surfaces  of  which  have 
been  sprayed  with  a  1  9^  solution  of  one  of  the  following  preparations t  aldrin, 
hexachlorane,  chlordane,  dieldrin,  endrin,  heptaohlor,  isodrin,  lindane,  mala- 
thion  (carbophoe),  parathion  (thiophos),  and  piperonylbutoxide ,  no  grain 
spoilage  is  noted  for  a  period  of  6  months.  There  is  also  no  marked  increase 
in  pest  population)  only  stroban  does  not  assure  prolonged  protection. 

We  have  dwelt  on  the  use  of  contact  insecticides  in  agriculture  in 
very  brief  fashion,  sinoe  this  book  is  concerned  in  the  main  with  the  use  of 
inseotioides  in  controlling  causative  agents  of  infectious  diseases  and  para¬ 
sites  of  man  and  bis  quarters. 
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CHLORINATED  HYDROCARBONS 
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Hexachlorocyclohexane 

Hexachlorocyclohexane  -  CgHgClg  (1,  2,  3,  5,  6-hexachloro- 

cyclohexane) : 

aia 

y\ 

iica  aici 

^  i  ' 

iica  uia 
aiQ 


Synonyms  -■  [VNS]  (BHC),  Gammexane,  benzene  hexachloride ,  666 
and  others.  Most  frequently  in  the  Soviet  Union  hexachlorocyclohexane 
is  abbreviated  to  hexachlorane  and  [HCCH]  (FXljr).  Its  molecular 
weight  Is  290.85.  Technical  hexachlorane  is  a  slightly  oily, 
crystalline  substance,  white  with  a  brownish  tint  or  brown,  comprising 
8  Isomers;  tho  pure  Isomers  are  crystalline  substances,  achromatic 
(white),  which  sublimate  upon  heating;  the  individual  isomers  have 
different  physical  and  chemical  properties  (Table  1). 


Hexachlorane  was  first  made  by  Faraday  in  1825  by  chlorination 
of  benzene  In  sunlight.  In  the  Soviet  Union  hexachlorane  was 
tested  in  19i<0-19^1  (I.  S.  Travkin).  In  19^1  hexachlorane  was 
patented  in  Prance  under  the  name  of  "avtariya"  as  an  agent  for 
controlling  mange.  In  the  period  19^2-19^3  in  England  the  insecti¬ 
cidal  properties  of  hexachlorane  was  studied.  In  the  Soviet  Union 

iPor  purposes  of. reducing  the  size  of  the  structural  formulas 
we  do  not  indicate  the  chemical  designation  of  carbon  and  hydrogen 
in  a  number  of  compounds. 
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the  Insecticidal  properties  of  hexachlorane  were  studied.  In  the 
Soviet  Union  for  public-health  purposes  this  preparation  was 
introduced  into  broad  practice  in  19^5  by  the  Central  Scientific- 
Research  Disinfectlonal  Institute  (V.  I.  Vashkov,  N.  N.  Mel'nikov, 
V.  N.  Pollkarpov,  N.  D.  Sikharev  and  others).  Special  monographs 
have  been  dedicated  to  the  study  of  hexachlorane,  including  the 
monograph  of  Yu.  N.  Bezobrazov.  A.  V.  Molchanov  and  K.  A.  Gar 
("Hexachlorane"). 


Table  1.  Isomers  of  hexachlorane  (alpha, 
beta,  gamma,  delta,  eplsllon,  zeta,  eta, 
theta)  (Yu.  N.  Bezobrazov,  A.  V.  Molchanov, 
K.  A.  Gar). _ 


Isomers 

Year  of 
discov¬ 
ery 

Discoverer 

Alpha 

1884 

Men' ye 

Beta 

1884 

The  same 

Gamma 

1912 

Van  der  Linden 

Delta 

1912 

The  same 

Epsilon 

1946  i 

Kauer 

Zeta 

1953 

Rimschneider 

Eta 

1952 

Kolka  and  Orlov 

Theta 

1954 

The  same 

Hexachlorane  is  a  product  of  the  addition  of  6  atoms  of 
chlorine  to  benzene.  This  reaction  takes  place  under  the  effect  of 
ultraviolet  rays  and  can  be  expressed  by  the  following  equation: 

CjHf  C§HjCl|. 


Hexachlorane  starts  to  melt,  as  a  rule,  at  a  temperature  lower 
than  100°.  The  composition  of  the  technical  product  is  not  standard 
and  depends  on  the  method  of  derivation.  In  connection  with  the 
heterogeneity  of  hexachlorane  the  melting  point  and  the  other 
physical  properties  of  its  various  forms  are  also  different  and  due 
to  this  in  literature  definite  data  on  the  physical  properties  of 
the  technical  product  are  absent. 


The  composition  of  hexachlorane  can  vary,  depending  on  the 
conditions  and  the  method  of  its  derivation.  As  an  insecticide 
hexachlorane  is  extremely  versatile.  The  active  compound  of  this 
substance  is  the  gamma-isomer.  There  are  means  for  Increasing  the 
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gamma-isomer  content  In  the  mixture.  These  methods  are  based  on  the 
vaiious  solubilities  of  the  Isomers  of  hexachlorane  in  organic 
solvents  (see  Tables  2  and  3)* 


Table  2.  A  number  of  isomers  of  technical  hexa¬ 
chlorane  and  their  melting  points. 


Alpha 


Btu  <'■ 


nalta  jlpailon  I  Hott 

I _ i _ 


Containtd  In  taeh>  , 
nlcal  hexachlorana! 


I 


halting  point 
Avamga 


I 


TOU  I  12% 


i 


7%  3%  !• 

;  .  I  (daeoapoMd  281^ 

I  i  I 

tS2-ie0*!a09-310*.M2-U3*'l3S— 13«*210— 220' 


1S8* 


3«2*  i  1I2,5* 


138* 


210* 


I 


Table  3-  Vapor  pressures  of  the  basic  isomers, 
(alpha,  beta,  gamma,  delta)  of  hexachlorane 
in  mm  Hg. 


i 

inpemtur*  | 
1 

Alpha  j 

Btm  ; 

1 

i 

OumtL  j 

DtltA 

1 

t 

-:-A0’  1 

O.OS  1 

0.17 

O.u 

0.00 

0.02  1 

1  O.OOS 

I  0.00 

0,01 

-20*  1 

2,5-10-» 

2,«.l0-» 

O.A.IO-* 

1,7.10-* 

+w*  1 

0.33 

i 

1  0,« 

1 

0,34 

All  the  isomers  hardly  differ  from  each  other  in  their  chemical 
properties.  The  physical,  chemical,  and  toxic  properties  of  the 
isomers  of  hexachlorane  depend  on  the  spatial  arrangement  of  the 
chlorine  atom  with  respect  to  the  carbon  atoms.  The  isomers  are 
resistant  to  the  action  of  oxidizing  agents  and  strong  acids.  Under 
the  effect  of  alkalis  the  isomers  are  decomposed  by  the  splitting 
of  hydrogen  chloride  and  the  formation  of  trichlorobenzene.  The 
reaction  takes  place  in  the  following  manner: 


GACU  +  3N«OH  -  C|H/:U  +  3\aCl  +  3H,0. 


Dehydrochlorinatlon  by  alkalis  at  normal  temperatures  yields 
3  moles  of  HCl  per  mole  and  1,  2,  4-trichlorobenzene  (65-85)C), 

1,  2,  3-trichlorobenzene  (5-15%)  and  1,  3,  5-trichlorobenzene  (6- 

15-;). 
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Both  the  technical  mixture,  and  also  the  individual  Isomers 
hexachlorane  are  almost  Insoluble  in  water.  Thus,  for  example,  at 
20°  the  alpha-  and  delta-isomers  dissolve  in  distilled  water 
approximately  at  a  rate  of  10  mg  per  the  gamma-isomer  at  2-7  rn'- 
and  the  beta-isomer  within  the  limits  of  5  mg  per  l. 

The  aphla-lsomer  is  steam  distilled;  the  beta-isomer  is  not 
steam  distilled  but  sublimates. 

Hexachlorane  and  its  Isomers  dissolve  readily  in  organic 
solvents  —  acetone,  ethyl  acetate,  benzene,  dichlorethane ,  in  which 
the  greatest  solubility  in  such  solvents  belongs  to  the  delta- 
isomer,  then  the  gamma-,  epsilon-  and  beta-isomers  (Table  4). 


Table  4.  Physical  properties  of  the  components  of  hexachlorane. 


Name 

Empiri¬ 

cal 

for- 

Melting 

point 

Crystal 

forms 

Vapor  pressure 
in  mm  Kg  at  a 
temperature  of 

m.ula 

20° 

40° 

60° 

Alpha-hexa- 

chlorocyclo- 

hexane 

159-160° 

Monoclinic 

prisms 

0.02 

0.06 

0.33 

Beta-haxa- 

chlorocyclo- 

hexane 

309-310° 

Octa¬ 

hedrons 

0.005 

0.17 

0.58 

Gamraa-hexa- 

chlorocyclo- 

hexane 

112-113° 

Needles 

from 

acetic 

acid  or 

rhombs 

from 

chloroform 

0.03 

0.14 

0.48 

Delta-hexa- 

chlorocyclo- 

hexane 

138-139° 

0.02 

0.09 

0.34 

Epsllon- 

hexachloro- 

cyclohexane 

218.5- 

219.3°  ^ 

Prisms  2 

— 

Alpha-chloro¬ 
benzene  hexa- 
chloride 

146° 

Beta-chloro¬ 
benzene  hexa- 
chlorlde 

C5H3CI7 

260° 

Prisms  ^ 

— 

— 

Dipole 


Table  4  (Conn'd) 


Name 

Empiri¬ 

cal 

for- 

Melting 

point 

Crystal 

forms 

Vapor 
in  mm 
_ temnej 

pressure 

Hg  at  a 
nature  of 

Dipole 

moment 

mula 

1 

ro 

o 

o 

40® 

60® 

o-dichloro- 

benzene 

hexachlorlde 

! 

149® 

— 

— 

— 

— 

— 

m-dichloro- 

benzene 

hexachlorlde 

CeHiiClg 

81.8® 

Leaflets^ 

■ 

alpha-n- 

dichloro- 

benzene 

hexachlorlde 

89.6® 

Needles^ 

beta-n- 
dl chloro¬ 
benzene 
hexachlorlde 

262® 

Rhombs  ^ 

1 

^At  a  temperature  close  to  the  melting  point  there  is  noticeable 
sublimation. 


^From  ethyl  alcohol. 


In  accordance  with  the  requirement  of  the  Committee  on 
Insecticides  of  the  Universal  Organization  of  Public  Health, 
Technical  hexachlorane  must  consist  mainly  of  a  mixture  of  isomers 
and  be  in  the  form  of  grains,  flakes  (or  a  white,  light-brown 
colored  powder),  free  from  impurities  or  introduced  modifying 
agents : 


Minimum  Maximum 


Technical  hexachlorane,  content  of  the  gamma- 

isomer  in  weight  per  cent .  12  16 

Purified  hexachlorane,  content  of  the  gamma- 

isomer  in  weight  per  cent .  16.1  93 

Acidity  in  weight  per  cent  based  on  HCl .  -  0.1 

Solids  insoluble  in  acetone,  in  weight,  per  cent..  -  1.0 

Water  content  in  weight  per  cent .  —  1.0 
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Hexachlorane  is  stable  with  respect  to  light .  humidity  and 
strong  acids.  At  the  same  time  high  temperatures  considerably 
lower  its  residual  effectiveness,  and  increasing  the  dosages 
insignificantly  increases  the  residual  effectiveness. 

Hexachlorane  has  contact,  fumigant  and  intestinal  actions.  At 
ordinary  temperatures  (20°)  it  is  slightly  volatile;  with  a 
temperature  increase,  for  example  up  to  60°,  the  volatility  of  the 
gamma-isomer  and  the  other  Isomers  Increases  by  11-17  times.  Thus, 
hexachlorane  acts  on  Insects  not  only  upon  contact,  but  also  by 
means  of  its  vapors. 

The  odor  and  taste  of  hexachlorane,  remaining  on  the  food 
products  treated  with  it,  are  the  main  deficiencies  limiting  its 
application. 

Preparations  made  from  hexachlorane.  In  the  manufacture  of 
various  preparations  calculation  of  the  active  agent  is  made  according 
to  the  total  isomers,  assuming  that  hexachlorane  contains  10-13^ 
of  the  gamma-isomer. 

Hexachlorane  solutions  manufactured  with  highly  inflammable 
solvents  are  not  used  in  treating  lodgings.  Inasmuch  as  they  can  be 
a  fire  hazard.  Solutions  in  organic  solvents  are  employed  only  for 
the  selective  treatment  of  locations  where  Insects  repi’oduce 
or  infest.  The  solvent  has  a  considerable  influence  on  the  effective¬ 
ness  of  the  preparation. 


For  practical  purposes  hexachlorane  paste  of  the  following 
composition  is  recommended:  Isomers  of  hexachlorane  30/t;  [OP-7] 
(On-7)  26X;  technical  gelatin  0,51  and  water  43. 5J. 

In  controlling  everyday  parasites  a  151  emulsion  of  technical 
hexachlorane  is  utilized  in  the  manufacture  of  which  terpentine, 
white  spirit  and  chlorobenzene  are  used.  It  is  possible  to  obtain 
a  concentrate  of  mineral  oil  emulsion  with  a  2^%  gamma-isomer 
content.  Water-soap  emulsions  of  kerosene  contain  2%  active  agent 
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(according  to  the  total  number  of  Isomers),  a  solvent  (kerosene), 
an  emulsifier  (household  soap)  and  water. 

In  certain  cases  insecticidal  pencil-cylinders  with  a  diameter 
of  1.5  cm  are  used.  The  method  of  their  manufacture  was  developed 
by  Yu.  N.  Bezobrazov,  A.  V.  Molchanov  and  V.  P.  Pivovarov  (see 
"Insecticidal  Pencils");  the  pencils  contain  70%  hexachlorane  and  30)1 
paraffin.  Hexachlorane  is  also  put  in  floor-polish  to  control 
insects,  especially  fleas. 

Hexachlorane  soap  contains  35^  hexachlorane  and  2-5%  organic 
solvent  (turpentine,  white  spirit,  liquid  petroleum.,  and  so  forth). 

Hexachlorane  ointment  has  approximately  the  following 
composition:  hexachlorane  (with  a  101  gamma-isomer  content)  1.5% 
liquid  petroleum  10%,  vaseline  88,5%. 

Disinfecting  powders  are  prepared  with  a  different  percentage 
of  hexachlorane.  In  agricultural  practice  it  is  recommended  that 
disinfecting  powders  be  applied  at  a  6-12%  concentration,  and  in 
sanitation  practice  -  at  a  6)?  concentration  (of  technical  hexachlorane). 
The  fineness  of  the  ground  product  should  correspond  to  the  passablllty 
of  the  disinfecting  powders  through  a  No.  90  screen,  the  residue 
on  such  a  screen  should  not  exceed  3J. 

According  to  K.  A.  Gar  and  V.  I.  Chernetsova,  during  the 
storage  of  the  disinfecting  powder  for  70  days  it  loses  25%  of  its 
activity.  In  studying  the  influence  of  the  filler  the  authors 
determined  that  after  ^7  days  the  disinfecting  powders  with  Shlberov 
and  Ilmen  talc  lose  35%  of  their  activity,  with  Miass  talc  22%, 
with  kaolin  80X  and  with  ash  5%-  The  disinfecting  powders  of 
hexachlorane  lose  their  effectiveness  at  least  2  times  faster  than 
DDT  disinfecting  powders. 

Under  the  influence  of  the  rays  of  a  mercury- vapor  lamp  for  a 
period  of  10  hours  at  a  temperature  of  2^-25"  on  a  surface  covered 
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2 

with  hexachlorane  (150  mg/m  ),  the  toxicity  of  the  preparation  after 
3  hours  decreases  by  10%.  The  effectiveness  hexachlorane  also 
decreases  under  the  influence  of  sunlight. 

Aqueous  suspensions,  as  has  been  shown  by  mean  years  of 
observation  of  the  use  of  hexachlorane,  have  a  greater  effect  than 
application  in  the  form  of  disinfecting  powders.  Suspensions  hold 
better  on  a  surface  than  dry  disinfecting  powder.  For  intensifying 
the  adheslc.i  of  solid  particles  to  surfaces  wettable  powders, 
stable  suspensions,  etc.,  are  being  manufactures.  Suspensions 
acquire  such  properties  with  the  introduction  into  their  composition 
of  emulsifiers  and  wet''lng  agents  (OP,  sulfanole-alkalyaryl,  sulfonate, 
and  others ) . 

The  aerosols  of  hexachlorane  possess  high  effectiveness.  They 
are  obtained  by  atomization  of  solutions,  by  the  combustion  of 
thermal  mixtures  containing  hexachlorane,  and  other  ways.  Insecticides 
In  the  form  of  aerosols  obtained  in  the  combustion  of  thermal  mixtures 
are  employed  in  controlling  arthropods  (flies,  mosquitoes,  gnats, 
mites,  bugs,  fleas,  and  others). 

In  the  sublimation  of  hexachlorane  vapors  will  form,  possessing 
potent  insecticidal  properties.  For  sublimation  the  preparation 
is  poured  into  any  metal  cup,  porcelain  crucible  or  simply  onto  a 
piece  of  sheet  metal  and  heated  on  an  electric  hot  plate,  kerosene 
burner,  alcohol  lamp,  or  other  heating  device.  In  sublimating 
it  is  necessary  to  consider  that  too  strong  heating  of  hexachlorane 
(above  200°)  causes  noticeable  decomposition.  It  is  sufficient  to 
vaporize  50  mg  of  the  substance  per  1  m'^  of  space,  so  that  after 
2  hours  paralysis  is  induced  in  the  flies  with  their  subsequent  death 
(901).  Increasing  the  dose  to  75  mg/m  causes  paralysis  in  the 
insects  in  an  hour  and  their  subsequent  complete  destruction. 

Aerosols  can  also  be  obtained  by  burning  hexachlorane  impregnated 
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materials  at  a  rate  of  0.1-0.15  g  of  preparation  per  1  m  of 
space . 

Aerosols  of  hexachlorane  are  also  obtained  by  atomizing  solutions 
of  enriched  hexachlorane  in  highly  volatile  solvents  (freon,  ethyl 


chloride  and  methyl  chloride),  contained  In  various  special  vessels  - 
bombs,  gas  cylinders,  and  ?o  forth.  It  Is  also  possible  to  obtain 
aerosol  possessing  high  Insecticidal  properties  by  atomizing  various 
mineral-oil  solutions  of  hexachlorane.  Such  aerosols  are  employed 
In  locations  where  people  do  not  stay  for  long  periods  of  time 
(outbuildings,  warehouses,  and  other  locations). 

In  the  Federal  Republic  of  Germany  they  are  turning  out 
preparation  xylamcn,  which  consists  of  a  mixture  of  mono-  and 
dichloronapthalene  with  hexachlorane.  It  Is  a  yellow-  noninflammable 
liquid  with  a  strong  odor  reminiscent  of  napthalene,  which  bolls  at 
230°  and  Is  insoluble  In  water,  but  mixes  with  the  usual  organic 
solvents;  xylamon  is  also  broadly  utilized  in  Italy. 

Insecticidal  properties  of  hexachlorane.  Hexachlorane 
preparations  are  valuable  as  a  means  of  controlling  everyday  insects 
and  carriers  of  human  diseases  —  malarial  mosquitoes,  flies,  buffalo 
gnats,  biting  midges,  fleas,  bugs,  cockroaches,  mites,  moths, 
pharoah's  ants  and  others.  These  preparations  are  very  important 
as  a  means  of  controlling  animal  parasites  -  gadflies,  mites,  and 
others.  They  are  widely  used  in  agriculture  for  controlling 
agricultural  plant  pests. 
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Hexachlorane  is  several  times  more  toxic  to  insects  than  DDT. 

It,  like  DDT,  acts  selectively  on  insects.  Thus,  for  example,  for 
cockroaches  its  toxicity  is  4.6  mg/kg  for  the  adult  stages  of  flies  — 
0.8  rag/kg,  and  for  flies  in  the  breeding  stage  -  0.4  mg/kg.  For 
warm-blooded  animals  it  is  less  toxic  —  complete  destruction  of 
white  mice  is  observed  from  a  dose  of  1  g/kg.  Thus,  as  compared  to 
warm-blooded  animals  hexachlorane  is  200  times  more  toxic  for 
cockroaches,  1200  times  for  the  adult  stages  of  flies  and  2500  times 
for  breeding  flies.  These  data  show  that  the  preparation  acts 
selectively  on  insects  and  is  especially  toxic  for  flies.  Hexachlorane 
has  no  effect  on  insect  eggs. 

With  the  addition  of  octachloropropyl  ester  the  insecticidal 
properties  of  hexachlorane  are  increased  by  24  times. 
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The  preparation  is  used  to  treat  of  places  where  Insects 
reproduce,  living  quarters,  and  also  outdoor  buildings  and  stagnant 
anophelogenlc  reservoirs. 

Its  specific,  persistent  odor  reminiscent  of  the  odor  of  a  cp''a' 
covered  with  mold,  and  also  its  volatility  (fumigant)  do  not  make 
it  possible  to  recommend  this  preparation  for  impregnation  of 
tissues  and  the  continuous  treatment  of  the  Internal  walls  of  living 
and  working  areas,  all  the' more  so  because  the  people  located  in 
the  treated  areas  complain  of  headaches;  in  individual  cases  vomiting 
is  even  observed.  The  application  of  this  preparation  is  also  not 
recommended  in  food  outlets  [Translator's  Note:  wholesale  and 
retail  grocery  establishments]  odor,  apparently,  is  caused  by  the 
presence  of  an  insignificant  amount  of  still  undetermined  compounds 
forming  in  the  process  of  hexachlorane  derivation.  The  pure, 
repeatedly  recrystallized  isomers  of  hexachlorane  are  practically 
devoid  of  odor. 

The  Isomers  of  hexachlorane  in  their  insecticidal  properties 
to  a  considerable  extent  differ  from  each  other.  The  most  potent 
Insecticidal  properties  are  possessed  by  the  gamma-isomer,  the 
insecticidal  properties  of  which  with  respect  to  mosquitoes  are 
250  times  greater  than  the  activity  of  the  alpha-  and  delta-isomers 
and  10,000  times  greater  than  the  insecticidal  propertiea  of  the 
beta-isomer. 

With  respect  to  flies  the  insecticidal  properties  of  the 
isomeis  to  a  considerable  degree  also  differ  from  each  other. 
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With  the  application  of  2  g/m  of  hexachlorane  on  a  surface 
the  latter  acquires  considerable  insecticidal  properties,  which 
are  ^reserved  for  a  long  time.  Thus,  for  example,  if  a  day  after 
the  application  of  hexachlorane  about  9d%  of  the  flies  coming  into 
contact  with  the  surface  die,  then  in  a  week  their  mortality  rate 
is  63X,  and  after  ^  weeks  -  13!<.  Aedes  aegypti  mosquitoes  coming 
In  contact  a  week  after  the  application  of  the  preparation  have  a 
mortality  rate  of  about  lOOj,  and  after  2  weeks  ^9%.  Complete 


destruction  of  Anophe.es  mosquitoes  Is  observed  In  the  presence  of 
0.1  rng/t  of  hexachlorane  In  water  (L.  P.  Blakitnaya,  S.  Q. 

Grebel’skiy,  A.  M.  Klechetova,  P.  Ya.  Le\'lyev,  L.  N.  Pogodina, 

A.  G.  Radchenko,  M.  L.  Redder,  B.  L.  Shura-Bura). 

With  an  increase  in  the  amount  of  the  preparation  applied  to  a 
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surface  up  to  3- 3-^* 3  g/m  it  completely  disappears  in  50-60  days. 

With  the  addition  of  polyphenols  the  evapoi'atlon  intensity  sharply 
decreases,  in  connection  with  which  the  insecticidal  properties 
are  preserved  considerably  longer. 

After  application  to  a  surface  of  a  suspension  of  hexachlorane 
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in  a  0.3?  concentration  at  a  rate  of  75  mg/m  of  active  substance 
at  a  temperature  of  25-30®  the  effectiveness  of  the  latter  is  halved 
after  a  period  of  24  hours. 

The  effectiveness  of  hexp.chlcrane  and  its  gamma-isomer,  when 
applied  out  of  doors,  depends  on  the  climate,  especially  on  air 
temperature  and  humidity  (A.  M.  Lunova,  Ye.  A.  Pokrovskiy).  For 
hexachlorane  there  is  absent  a  sharply  expressed  negative  temperature 
coefficient,  usually  noted  in  DDT  poisoning.  At  a  temperature  of 
24°  and  above  preparations  of  hexachlorane  are  less  effective  than 
at  low  temperatures.  High  temperatures  cause  an  almost  complete 
loss  of  insecticidal  toxicity  and  sunlight  does  not  play  a  significant 
role  in  the  (Mitrin).  At  lower  temperatures  surfaces  treated  with 
hexachlorane  lose  their  toxicity  after  2-3j  months.  Aqueous  suspen¬ 
sions  or  emulsions  with  a  2%  hexachlorane  concentration  are  applied 
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to  surfaces  at  a  rate  of  100  mi  of  solutions  per  1  m  .  Hexachlorane 
at  a  rate  of  8  mg/kg,  added  in  the  form  of  an  acetone  solution  to 
substrate,  inhibits  fly  breeding  by  50?.  There  exist  data  ab^ut 
the  fact  that  hexachlorane  does  not  have  any  larvlcld#!  action; 
larvae,  it  appears,  avoid  hexachlorane  by  migrating  into  manure  or 
other  waste  materials.  The  use  of  this  preparation  on  manure  is 
Justified  only  by  the  fact  that  it  promotes  the  destruction  of  the 
hatching  flies  and  the  females,  which  are  laying  eggs  here. 

House  flies  with  topical  application  of  2-3  wg,  and  flow  flies 
With  0.6  wg/g  (kerosene  solution)  die  within  the  limits  of  50? 


[LD^q]  for  lice  LD^q  is  0.03  ug  per  insect;  for  oriental 

cockroaches  it  is  5  pg/g  by  injection,  and  for  the  common  cockroachr 
0.2  pg  per  Insect. 

Smokes  containing  hexachlorane  are  highly  effective  (G.  K. 
Kal'bergenov  and  others).  Thus,  for  example,  with  the  combustion 
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of  a  thermal  mixture  at  a  rate  of  0.51  and  1.2  g/m-^  in  a  chamber 
with  a  volume  of  ^  A  complete  destruction  of  cockroaches  was  observed 
in  the  first  case  after  70,  in  the  second  after  60  hours.  Blood¬ 
sucking  flies  (buffalo  gnats,  biting  midges  and  gadflies)  are  very 
sensitive  to  the  preparation.  It  is  equally  effective  when  used  for 
the  destruction  of  mosquitoes  (K.  P  Andreyev  and  others). 

Vapors  of  the  gamma-isomer  penetrate  readily  through  various 
packing  materials,  into  cracks,  wrapping  paper,  and  others.  It 
has  been  established  that  packing  materials  (cardboard,  kraft 
paper,  cellophane,  glass,  or  aluminum  foil)  do  not  completely 
protect  food  products  from  the  penetration  of  parasites.  With 
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the  presence  in  1  m  of  air  of  220  mg  of  hexachlorane  with  an 
exposure  of  2H  hours  the  quality  of  the  packing  noticeably  affects 
the  permeability  of  the  preparation  vapors.  In  descending  order  of 
vapor  penetration  through  the  packing  materials  it  is  possible  to 
arrange  the  latter  in  the  following  sequence:  cardboard,  kraft 
paper,  cellulose  (2  layers),  aluminum  foil  (paper),  cardboard  with 
paper  lining,  and  carboard  with  glass  lining. 

In  insect  control  hexachlorane  is  sometimes  sublimated  from 
heated  surfaces  (pans,  etc.),  and  aerosol  bombs,  etc.,  are  used. 

The  low  residual  action  of  smoke  aerosols  on  treated  surfaces  is 
explained,  apparently,  by  the  fact  that  a  very  small  amount  of 
aerosols  settles  on  vertical  surfaces.  After  the  combination  of 
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DDT  smoke-pots  in  premises  with  a  dimension  of  70  m-'  in  one  case 
with  a  charge  of  110  g  of  technical  preparation,  and  another 
containing  120  g  of  technical  hexachlorane  (10-12$  gamma-isomer), 
determinations  were  made  of  the  amount  of  deposition  of  preparations 
on  horizontal,  vertical,  and  inverted  surfaces.  The  greatest  amount 
of  deposition  was  on  the  horizontal  surfaces,  and  the  least  -  on 
the  Inverted  surfaces  (ceiling). 


In  a  chamber  during  fumigation  filter  paper  was  placed  on  the 
horizontal,  vertical,  and  Inverted  surfaces.  The  gamma-isomer 
settled  on  all  the  surfaces,  Irrespective  of  position,  to  a 
considerably  greater  degree  than  the  DDT  (see  "Aerosols").  The 
greatest  insecticidal  properties  were  obtained  by  the  horizontal 
surfaces,  and  the  least  —  by  the  Inverted  surfaces. 

Surfaces  covered  with  insecticidal  varnish  containing  1.5~2% 
hexachlorane  acquire  insecticidal  properties  for  common  and  oriental 
cockroaches  and  true  bugs.  Toxicity  was  observed  as  long  as  820 
days  after  application  of  the  varnish  (see  "Varnishes  and  Paints"). 

In  the  Insect  organism  hexachlorane  is  decomposed  by  enzymes. 

Its  decomposition  and  the  character  of  the  m.etalolites  depend  to 
a  certain  degree  on  the  species  of  insect. 

As  was  already  indicated  above,  hexachlorane  is  very  effective 
in  controlling  pests  of  agricultural  crops.  It  is  equally  toxic 
and  to  useful  insects,  especially  bees. 

Hexachlorane  is  utilized  to  control  insects,  which  sting  and 
cause  injury  to  animals  (gadflies  and  mites)  (Zh.  V.  Vranchan,  N.  N. 
Gorchakovskaya,  S.  A.  Shilov). 

Phytotoxlclty .  When  employed  in  the  recommended  doses 

hexachlorane  does  not  present  a  danger  to  plants,  but  in  higher 

doses  it  has  an  effect  on  seed  germination,  plant  growth  and  lowers 

the  grain  productivity  and  can  cause  root  deformation  and  cytogenetic 
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mutations.  At  a  dose  of  0.112-0.672  g  per  1  m  there  is  a  noticeable 
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effect  on  seed  germination;  a  dose  cf  5.6-8.96  g/m  does  not  harm 

cotton  and  tobacco,  but  a  dose  of  11.2-22.4  g/m  causes  plant  necrosis. 
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Certain  strains  of  potatoes  could  endure  8.96  g/m  ,  and  certain 
strains  perished  from  2.24  g/m". 

The  gami.ia-lsomer  penetrating  into  plants  through  the  root 
system  is  lethal  to  certain  agricultural  plant  pests,  for  example 
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aphidis  and  mites.  The  systemic  insecticidal  properties  of  hexa- 
chlorane  are  minor,  and  therefore  it  is  not  used  in  practice  for 
these  purposes. 

A  deficiency  of  the  preparation  is  that  after  its  applicatiori 
fruits  and  vegetables  acquire  an  unpleasant  aftertaste,  therefore 
it  is  not  recommended  for  application  in  orchards  after  blossoming. 

Such  cultures,  as  cabbage,  can  be  dusted  with  \2%  hexachlorane 
disinfecting  powder  at  a  rate  of  10-12  kg/ha  during  early  growth 
(seedlings).  Dusting  should  not  be  carried  out  on  beets,  carrots, 
lettuce,  strawberries,  and  other  vegetables  and  berries,  which  are 
used  in  their  raw  form.  The  application  of  up  to  ^0  kg/ha  of  25? 
powder  in  to  the  soil  of  sugar  beet  fields  is  not  reflected  in  the 
taste  qualities  of  the  sugar. 

After  the  introduction  of  12?  disinfecting  powder  or  25?  powder 
with  phosphorite  mean  at  a  rate  of  1-2.5  kg/ha  into  the  soil  for 
extermination  of  wire  worms  the  potatoes  cultivated  during  the  next 
3-5  years  o-  his  soil  become  unfit  i'or  food;  the  potatoes  can  only 
be  used  for  technical  purposes  or  as  feed  for  cattle.  Analogicous 
soil  treatment  unfavorably  affects  the  taste  qualitites  of  onions 
and  turnip. 

Damage  to  the  taste  of  fruits,  vegetables  and  berries  also 
occurs  without  the  direct  contact  of  hexachlorane  with  plants.  The 
Introduction  of  the  preparation  to  soil  under  cabbage  causes  a 
change  in  the  taste  of  the  head  (especially  the  stump).  Excess 
application  of  the  preparation  to  soil  under  currants  gives  the 
berries  an  unpleasant  aftertaste,  which  is  more  strongly  discerned 
in  preserves  and  Jam  than  in  fresh  berries. 

The  effect  of  hexachlorane  on  soil  microorganisms  is  insignificant. 
With  a  dose  of  1  g  of  the  gamma-isomer  per  1  kg  of  soil  there  is  a 
slight  increase  in  the  processes  of  ammonlfication  and  nitrification 
and  minor  suppression  of  the  development  of  mold  fungi  irrespective 
of  the  soil  type.  Of  all  the  isomers  the  most  active  in  this 
respect  is  the  gamma-isomer,  which  with  the  application  of  small 
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doses  of  hexachlorane  to  cotton,  wheat,  cabbage,  and  certain  other 
cultures  leads  to  an  Improvement  in  the  development  of  the  plants. 

After  the  application  of  11.2-56  g/m  of  hexachlorane  the 
fungi  in  the  soil  and  the  nitrogen-resistant  bacteria  are  suppressed 
in  their  reproduction  for  several  months.  Hexachlorane  is  less 
stable  in  the  soil  than  DDT:  large  doses  are  decomposed  at  a  rate 
of  10?  per  year.  The  toxic  effect  lasts  for  5  years  with  treatment 
at  a  rate  (jf  11.2-22  A  g/m  . 

Toxicity  for  vertebrates.  For  vertebrates  hexachlorane  poisoning 
can  occur  by  inhalation,  ingestion  and  in  the  case  of  absorption 
of  the  preparation  through  the  skin.  In  the  organism  hexachlorane 
Is  deposited  most  of  all  in  the  fatty  tissue,  it  is  retained  in  the 
liver  and  kidneys  in  considerable  quantities.  The  beta-isomer  is 
retained  In  larger  quantities  than  the  other  isomers. 

The  toxicity  of  hexachlorane  for  animals  and  man  fluctuate 
depending  upon  the  presence  in  it  of  the  gamma-isomer  and  the  ways 
it  gets  Into  the  organism  of  the  animals.  The  average  toxic  dose 
of  the  gamma-isomer  is  equal  to  125  rag/kg.  Of  the  four  most  studied 
isomers  the  greatest  toxicity  belongs  to  the  gamma-isomer:  the 
alpha-isomer  is  2-3  times,  the  beta-isomer  is  30-40  times,  and  the 
delta-isomer  is  4-7  times  less  toxic  for  white  rats  than  the  gamma- 
isomer  (Table  5). 


Table  5.  Toxicity  (LD^q)  of  the  hexachlorane  Isomers  for 
warm-blooded  animals  in  mg/kg  when  Ingested  through  the  mouth. 


Species  of  animal 

Alpha 

■'  ■  1 

Beta 

Gamma 

r“ 

Delta 

White  rats 

500 

6000 

125-200 

900 

Technical  hexachlorane  (12?  gamma- Isomer)  is  approximately 
4-5  times  less  toxic  than  the  pure  gamma-isomer.  In  the  presence 
of  other  Isomers  of  hexachlorane  the  gamma  Isomer  is  less  toxic 
for  animals  than  in  its  pure  form. 


25 


The  rats  can  stand  (without  any  symptoms  of  poisoning  and  leslor 
to  th**  tissues  of  the  organism)  food  containing  10  mg/kf.-  over  a 
period  of  10^  weeks.  Great  changes  are  observed  in  the  tissues  of 
the  rat  with  an  increase  of  the  dose  of  the  preparation  in  the  food 
up  to  100  mm/kg  (N.  M.  Rusin,  G.  P.  Andronova,  A.  P.  Volkova, 

M.  S.  Levinskiy,  K.  Morozovskiy,  V.  ..  Mustaov). 

With  the  application  of  2.5  mg  of  hexachlorane  per  100  g  of 
weight  to  the  white  rats  for  250  days  symptoms  of  intoxication 
and  death  were  observed  in  the  animals.  Hystological  examinations 
showed  that  considerable  cytoplasmic  and  nuclear  lesions  take  place, 
particularly  granular  degeneration  or  homogenization  of  the  cytoplasma. 
Mice  can  endure  ^0  mg/kg  with  oral  administration  of  this  dose  for 
a  period  of  40  days. 

The  dally,  oral  administration  to  cats  of  0.5  mg/kg  of  hexachlo¬ 
rane  for  a  year  is  nonto.'.ic. 

The  beta-isomer  is  most  persistently  retained  in  the  tissues 
of  the  organism.  The  gaunma-isomer  appears  in  the  tissues  of  rats 
(fatty  tissue)  soon  after  the  application  of  feed  containing  20-100 
mg/kg.  However,  its  accumulation  is  not  observed.  The  gamma-isomer 
is  rapidly  metabolized.  Experimental  data  do  not  confirm  the  theory 
that  hexachlorane  serves  as  an  antlraetabollte  replacing  C-inositol 
in  cell  metabolism. 

After  the  administration  of  2  g/kg  of  hexachlorane  (10^  gamma- 
isomer)  to  a  sheep  with  a  weight  of  86  kg  severe  symptoms  of 
poisoning,  breathing  spasms,  and  blindness  appeared  after  6  hours; 
the  condition  of  the  animal  returned  to  normal  on  the  5th  day.  With 
a  decrease  in  the  preparation  dose  to  1  g/kg  mild  nervous  symptoms 
were  observed. 

In  horned  cattle  no  symptoms  of  intoxication  were  observed 
after  the ^introduction  of  hexachlorane  within  the  limits  125-300  mg/kg, 
with  the  exception  of  calves,  in  which  severe  symptoms  of  poisoning 
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were  observed;  after  increasing  the  dose  to  0.5  gAg  mild  nervous 
symptoms  wer*=  observed. 

Hexachlorane  possesses  expressed  cumulative  properties;  it 
appears  in  11  days  in  the  blood  of  rabbits  after  a  single  administra¬ 
tion  of  0.6  g/kg  (V.  I.  Vashkov).  It  is  eliminated  from  the 
organism  of  animals  with  excrement,  urine,  and  the  milk  of  lactating 
animals;  thus,  for  example,  after  a  single  feeding  of  the  gamma-isomer 
at  the  dose  of  10-20  mg/kg  cows'  milk  acquires  toxic  properties  for 
flies  after  12  hours.  The  toxicity  of  the  milk  increase.s  for  a 
period  of  12  days  and  only  after  2  weeks  does  it  again  become  nontoxic 
for  flies. 

When  hexachlorane  gets  into  the  organism  through  the  skin  or 
orally  with  the  feed  of  animals  or  birds  it  is  deposited  in  the 
fat  in  nontoxic  quantities;  maximum  accumulation  is  noted  after  6 
weeks . 

The  fat  and  fatty  meat  of  animals  treated  with  the  preparation 
acquire  an  unpleasant  aftertaste  and  odor,  which  do  not  disappear 
for  several  weeks  after  the  termination  of  feeding  with  feed 
containing  the  insecticide. 

Cattle  bear  up  without  clinical]  symptoms  after  a  10-fold 

» 

application  of  0.2^  wettable  powdei*,  carrying  out  each  subsequent 
treatment  at  2  week  Intervals.  The  application  of  the  preparation 
to  the  hide  of  young  animals  for  the  purpose  of  eliminating 
ectoparasites  is  dangerous;  especially  dangerous  is  the  application 
hexachlorane  for  treating  calves  aged  less  than  3  months.  As  for 
birds,  hexachlorane  can  be  used  only  for  treating  their  perches. 

The  preparation  also  penetrates  into  the  white  and  yolk  of  hen's 
eggs. 

Hexachlorane  Imparts  an  odor  to  the  meat  and  eggs  of  hens  not 
only  after  they  have  eaten  the  preparation  with  their  feed,  hut  also 
in  the  case  of  painting  or  treating  soils,  bedding,  perches,  or  the 
birds  themselves  with  solutions. 

PY 


According  to  V.  I.  Vashkov  and  A.  P.  Volkova,  a  sojourn  of  white 

ratf  fox'  a  month  in  a  chamber  treated  with  hexachlorane  at  a  rate  uf 

2 

from  0.5  to  10  g  per  m  does  not  cause  in  the  animals  any  external 
symptoms  of  poisoning.  Nevertheless,  in  regard  to  the  conditioned 
reflex  activity  of  the  brain  of  these  same  rats  there  appear 
characteristic  changes,  associated  with  the  intensification  of  the 
inhibitory  processes  and  the  weakening  of  the  processes  of  excitation. 
Apparently,  the  intoxication  of  the  organism  of  experimental  rats 
with  vapors  of  hexachlorane  causes  attenuation  of  the  activity  of 
cerebral  cortex  and  lowers  the  level  of  efficiency  of  the  cortical 
region  and  in  parts  of  the  subcortical  regions.  Therefore,  the  delayed 
and  numerous  occurrences  of  conditioned  reactions,  mainly  to  strong 
stimulus  the  dlslnhibltlon  of  differentiation  and  the  appearance  of 
paradoxical  and  ultraparadoxical  phases  intensified  in  proportion  to 
the  Increase  of  the  concentration  of  the  preparation,  indicate  that 
the  excitation  induced  by  normal  conditioned  stimuli  exceeds  the 
attenuated  limit  of  efficiency  of  the  cortical  cells  and  transliminal 
protective  inhibition  develops  in  them.  The  latter  also  spreads  to 
the  subcortical  regions  (the  region  of  the  unconditioned  food 
reflex) . 

Such  oppressing  action  of  the  hexachlorane  vapors  occurs  to 
certain  extent  due  to  the  presence  of  the  alpha-isomer  in  it. 

Subsequent  investigations  by  the  same  method  showed  that  the 

application  of  the  gamma-isomer  on  the  walls  of  toxicological  eliaiabers 

2 

at  concentrations  up  to  1300  mg/m  did  not  cause  essential  changes 

in  the  functional  state  the  cerebral  cortex  of  rats  dixring  their 

continuous  stay  in  the  treated  chamber  for  a  period  of  3  weeks. 

The  alpha-isomer  applied  to  the  walls  of  tne  same  chamber  at  a  rate 
2 

of  7  g/m  causes  intensification  of  the  inhibition  processes  and 
attenuation  of  the  excitation  processes. 

Thus,  it  is  possible  with  a  certain  degree  of  probability  to 
consider  that  the  oppressing  effect  of  hexachlorane  on  the  conditioned 
reflex  activity  of  the  cerebral  cortex  depends  to  a  great  extent  on 
the  presence  in  It  of  the  alpha-isomer. 
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Hexachlorane  causes  the  greatest  damage  to  the  liver  and  the 
ocher  parenchymal  organs  by  I'-s  oral  admxnlscrat;  to  an  animal, 
and  also  In  the  Inhalation  of  the  vapors  of  the  preparation  by  the 
latter. 

Hexachlorane  vapors  reduce  the  resistance  of  warm-blooded 
animals  to  the  unfavorable  factors  of  the  environment,  which  was 
confirmed  by  our  experimental  data  on  white  mice.  For  a  period  of 
50  days  25  mice  were  situated  In  a  box  In  a  cage,  which  was  placed 
in  another  cage;  the  walls  of  the  latter  cage  were  created  weekly 
with  a  solution  of  hexachlorane  in  acetone.  During  the  time  of 
treatment  and  drying  of  the  cage  the  mice  were  removed  from  It. 

After  27  days  the  mice  were  each  administered  0.5  mi  of  O.IJJ  agar. 

As  a  result  after  the  50  days  of  the  experiment  only  3  mice  remained 
alive  (all  were  pregnant);  in  the  control  ^  of  the  25  mice  died. 

In  a  repetition  of  the  experiment  analogous  results  were  obtained. 
This  indicates  that  continuous  inhalation  of  hexachlorane  vapors 
weakens  the  organism  and  in  the  presence  cf  unfavorable  circumstances 
(the  administration  of  agar)  the  mortality  rate  was  approximately 
8  times  greater  than  among  those,  which  were  not  subjected  to  the 
effect  of  hexachlorane  (V.  I.  Vashkov,  P.  D.  Mazhblts). 

The  toxic  effect  of  hexachlorane  depends  on  the  concentration, 
exposure  and  temperature. 

In  working  with  hexachlorane  it  in  most  cases  in  one  or  another 
amount  gets  Into  the  human  organism.  According  to  Wasserman  and 
others,  during  an  8-hour  working  day  a  man  Inhales  0.49  mg/kg  of 
the  preparation;  during  this  period  the  deposition  on  the  arms, 
hands,  nasopharynx  and  the  neck  of  persons  occupied  in  sp  aying 
the  preparation  reaches  1.17  mg/kg.  Consequently,  the  deposition 
of  hexachlorane  on  the  skin  exceeds  by  2  times  the  Inhaled  amount. 

Dusting  with  disinfecting  powder  in  the  amounts  used  In  practice 
is  toxic,  thet’efore  in  working  with  it  is  necessary  to  strictly 
observe  all  measures  of  precaution  provided  for  in  the  instructions 
for  the  application  of  hexachlorane. 
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In  working  with  hexachlorane  disinfecting  powders  reddening  of 
the  skin  is  noted  especially  nf  moist  skin.  There  are  data  to  the 
fact  that  working  with  hexachlorane  can  cause  dermatitis.  The  cases 
of  people  dying  from  poisoning  by  the  preparation  are  rare.  There 
have  been  cases  when  after  continuous  treatment  of  living  and  working 
quarters  with  preparations  of  hexachlorane  there  were  observed 
headache,  nausea,  vomiting.  Irritation  of  the  mucous  membranes  of 
the  eyes  and  respiratory  tract,  asthenia,  and  sometimes  Insomnia. 
Thus,  for  example,  at  one  factory  during  the  hot  summer  time  after 
the  treatment  of  working  areas  for  the  purpose  of  exterminating 
cockroaches,  work  was  recommenced  without  airing  out  the  areas, 
and  mass  poisoning  of  the  workers  (10  men)  occurred;  the  injured 
were  taken  to  a  hospital,  where  medical  help  was  given  to  them. 

In  using  hexachlorane  to  control  scabies  no  harmful  effect 
was  observed  on  an  adult  human  after  the  application  of  a  1%  mixture 
in  the  form  of  a  paste  or  ointment  at  a  dosage  of  15-20  g  of  ointment 
on  the  surface  of  an  affected  section  of  the  body  and  letting  it 
remain  there  for  24  hours.  After  two-three  applications  at  weekly 
Intervals  toxic  symptoms  or  irritation  of  the  skin  were  also  not 
observed.  Furthermore,  the  result  of  the  therapy  frr  scabies  was 
positive.  According  to  estimations  made  in  the  USA  it;  1950,  the 
average  concentration  in  the  fat  of  humans  was  within  the  limits  of 
0.6-1.64  mg/kg.  In  inhabitants  of  France  the  concentration  of  the 
preparations  in  the  fat  of  humans  was  even'  higher. 

After  the  application  of  200-500  mg  of  itexachlorane  in  acetone 
and  an  exposure  of  1-^  hours  there  is  observed  in  man  barely 
perceptible  sensation  of  burning  and  mild  rapidly  passing  hyperemia 
at  the  site  of  application  (Behrbohm). 

Like  DDT,  hexachlorane,  although  it  is  broadly  used,  no  severe 
cases  of  occupational  poisoning  have  been  reported.  There  are  data 
with  respect  to  the  high  sensitivity  of  Individual  persons  and  mild 
intoxication  during  its  application  as  a  spray  or  dust.  Accidental 
poisonings  have  taken  place  under  various  circumstances,  including 
the  taking  of  hexachlorane  as  a  vermifuge.  Cases  have  been 
described  of  severe  poisoning  of  humans  by  a  single  accidental  dose 
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of  60-4o  mg  of  a  gamma-isomer  preparation.  On  the  other  hand,  Klosa 
reoorted  that  after  a  daily  administration  of  40  for  a  period  of 
10  days  only  weak  o^.iptoms  were  observed  ir,  a  human.  Seventy-nine 
cases  of  poisoning  occurred  as  a  result  of  the  Incorrect  use  of 
hexachlorane  powder,  of  which  6  were  fatal.  The  symptoms  of 
poisonings  in  certain  cases  were  prolonged  and  manifested  themselves 
as  fatigue,  spasms,  pareses,  ataxia,  tremors,  memory  disturbance 
and  others. 

There  are  data  about  the  death  of  a  2^  year  old  child,  who 
took  (probably,  a  small  quantity)  a  mixture  containing  6$  llndame 
and  30/t  malathlon.  This  is  explained,  apparently,  by  the  fact 
that  the  toxicity  of  these  preparations  increases,  when  they  are 
used  in  combination. 

For  man  a  lethal  dose  of  technical  hexachlorane  is  approximately 
0.2-0. 4  g/kg.  In  man  the  initial  symptoms  of  poisoning  are  observed 
after  1-2  hours,  death  occurs  within  24  hours.  The  minimum  permissible 
concentration  of  technical  hexachlorane  (121  gamma-isomer)  li.  the 
air  of  working  areas  is  considered  to  be  0.0013  mg  or  0.01  mg  of 
12%  disinfecting  powder  pej.’  i  of  air  in  observing  the  necessary 
precautionary  measures. 

These  data  indicate  that  the  danger  of  chronic  poisoning  of 
animals  and  man  by  hexachlorane  is  small.  In  working  with  the 
preparation  and  the  skin  becomes  contaminated  it  is  necessary  to 
immediately  wash  it  off,  and  to  remove  the  contaminated  clothing. 

It  is  necessary  to  avoid  inhaling  the  vapors,  and  disinfecting 
powders,  and  also  using  in  human  food  and  animal  feed  products 
contaminated  with  the  preparation.  In  the  event  of  hexachlorane 
poisoning  it  is  also  recommended  that  the  use  of  butter  and  other 
fats  be  avoided. 


The  Gamma-Isomer  of  Hexachlorane 

Synonyms:  lindane  (contains  98^  of  the  isomer),  gamma-HCCH, 
gamma  benzene  hexachlorlde ,  666,  gammexane,  ben-hex,  gamhex,  gamoxo, 
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gamtox,  hexadow,  isotox,  gexane,  and  others.  The  molecul  ir  weight 
Is  290.85.  In  Its  pure  form  it  exists  as  colorless  crystals  of 
monocllnlc  shape;  the  melting  point  is  112.5°;  at  20°  the  vapor 
pressure  is  0.03  rm,  at  ^0°  -  0.1^1  mm  Hg;  at  60°  the  vapor  pressure 
Increases  to  0.48  mm  Hg.  At  25°  saturated  air  contains  1.15  yg/«.  c-'' 
the  vapors  of  the  preparation,  at  30°  —  1.8  ug/i.  When  applied  to 
a  surface  at  50°  it  loses  51.51  of  Its  weight  in  3  days,  and  after 
7  days  92?.  It  Is  insoluble  in  water  (at  20°  10  mg/t);  dissolves 
it  1»=,  soluble  in  organic  solvents. 

According  to  the  requirements  of  the  Committee  on  Insecticides 
of  the  Universal  Organization  of  Public  Health,  the  product  should 
be  in  the  form  of  grains,  flakes,  powder  (wh^,e  or  almost  white  in 
color)  and  contain  mainly  the  gamma-isomer  of  1,  2,  3,  4,  5,  6- 
hexachlorocyclohexane  free  from  impurities  or  introduced  modifying 
agents.  A  sample  taken  from  any  part  of  a  batch  of  the  product 
should  conform  to  the  following  requirements. 


Minimum  Maximum 


Content  of  the  gamma-isomer  in  weight 

percent .  99  - 

Melting  point .  112°  - 

Acidity  in  percent  based  on  HC] .  -  0.1 

The  solid  matte)  -es  not  dissolve  in  acetone...  -  0.1 

Water  content  in  percent .  -  0.1 


The  gamma-'’ somer  of  hexachlorane  is  manufactured  in  the  form 
of  disinfecting  powders,  wettable  powders,  concentrates,  emulsions, 
creams,  preparations  specially  designed  for  evaporation  from  electri¬ 
cal  and  heating  devices.  The  gamma-isomer  is  added  to  disinfecting 
powders  containing  other  insecticides.  The  combination  of  DDT 
powder  and  the  gamma-isomer  of  he.vachlorane  is  a  mixture  containing 
5%  DDT,  1.5?  gamraa-lsoner  and  the  remainder  -  kaolin  or  another 
filler. 

The  lindane  manufactured  abroad  (gamma-isomer  1,  2,  3,  4,  5,  6- 
HCCH)  contains  98?  gamina-lsomer ,  melts  at  a  temperature  lower  than  '  ) 
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112°.  The  preparation  does  not  have  an  odor,  is  resistant  to  light, 
air,  heating,  strong  acids,  to  carbon  monoxide;  is  nonresistant  to 
alkalis  (is  dechl. rlnated  by  them  to  trichlorobenzene)  is  decomposed 
by  10/8  solutions  of  lime  and  other  alkalis.  Ic  is  less  corrosive 
to  metals  than  hexachlorane . 

Insecticidal  propei’tles.  It  Is  a  highly  effective  contact 
and  intestinal  poison.  All  insects  are  sensitive  to  the  gamma-lsomei’ 
Depending  upon  the  species  of  Insect  the  varies  within  the 

limits  of  from  0.4  up  to  57  mg/kg  (application  of  the  preparation 
of  the  body  surface).  In  connection  with  its  vapor  pressure  it  is 
a  good  fumigant. 

Among  the  chlorinated  hydrocarbons  the  gamma-isomer  (lindane) 
occupies  a  primary  place  in  its  application  for  the  extermination 
of  various  insects;  according  to  their  effectiveness  in  destroying 
arthropods  the  preparations  are  arranged  in  the  following  manner: 

for  bugs  -  lindane,  dieldrin,  aldrin,  HCCH,  DDT,  methoxychlor , 

chlordane,  [DDD]  (imH),  toraphene; 

for  lice  -  dieldrine,  lindane,  aldrin,  HCCH,  chlordane,  DDT, 

toxaphene,  methoxychlor,  DDD; 

for  flies  —  dieldrin,  lindane,  HCCH,  aldrin,  chlordane,  DDT, 

toxaphene,  methoxychlor,  DDD; 

for  mosquitoes  —  lindane,  dieldrin,  aldrin,  HCCH,  DDT,  chlordane, 

toxaphene ; 

for  fleas  -  lindane,  dieldrin,  aldrin,  DDT,  toxaphene; 

for  mites  -  dieldrin,  lindane,  aldrin,  toxaphene,  chlordane,  DDT 

The  gamma-isomer  is  a  selectively  acting  insecticide,  it  is 
highly  toxic  to  insects  and  slightly  toxic  to  warm-blooded  animals. 
Thus,  for  example,  the  when  applied  on  the  skin  of  warm-blooded 

animals  Is  300-500  mg/kg  and  when  applied  on  the  cuticle  of  insects  — 
0.4-7. 5  mg/kg;  thus,  with  respect  to  insects,  depending  on  the 
species,  lindane  is  66-750  times  more  toxic  than  to  warm-blooded 
animals . 
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According  to  Its  insecticidal  properties  the  gamma-isomer  is 
approximately  2-20  times  more  effective  than  DDT  depending  upon  the 
species  of  insect,  and  with  respect  to  stability  it  is  Inferior  to 
it  by  1^  times. 

The  average  lethal  concentrations  of  oil  solutions  of  the  gami.ia- 
isomer  with  respect  to  Insects  are:  for  bed  bugs  0.2/2,  for  lice 
0-025$,  for  fleas,  0.0l8$,  for  flies  0.006$,  for  Aedes  mosquitoes 
0.0l8$,  and  for  Ornlthodorus  ticks  0.024$.  The  gamma-isomer  is 
20  times  more  active  for  adult  fleas  and  36  times  more  effective 
for  larvae;  probably,  its  fumigation  action  is  conducive  to  more 
intimate  contact  with  the  pre-imaglnal  stages  of  fleas  on  the 
substrate  and,  possibly,  also  with  the  imagoes  situated  on  a  host 
during  treatment  of  the  latter  with  this  preparation.  The  same 
insecticidal  properties  are  also  pertinent  to  the  gamma-isomer  with 
respect  to  lice. 

The  gamma-isomer  is  highly  toxic  to  honeybees;  when  introduced 
through  the  mouth  the  LD^q  is  equal  to  0.08  mg/insect.  Other  insects 
are  highly  sensitive  to  it;  thus,  for  example,  the  house  fly  dies 
within  the  limits  of  50$  with  a  topical  application  at  a  rate  of 
0.25  ug/lnsect,  and  mosquitoes  (Aedes  aegypti)  at  a  rate  of  2  mg/kg. 

Ir  studying  the  duration  of  the  residual  action  of  the  gamma- 

isomer  with  respect  to  bugs  on  filter  paper  impregnated  with  0.1 

2 

mg  of  the  preparation  per  cm  ,  it  was  established  that  100$  extermina¬ 
tion  of  the  insects  is  observed  during  the  first  10  days,  after  a 

month  the  mortality  rate  is  94$,  after  3  months  58$  and  after  6 

2 

months  51$;  when  the  dose  was  increased  to  0.5  mg/cm  the  preparation 
was  effective  for  3  months  and  provided  complete  destruction  of 
the  Insects;  towards  the  end  of  the  3rd  month  the  mortality  rate 
decreased  to  66$.  If  to  wood  or  to  plaster  there  is  applied  3.3 
and  4.3  g/m  on  the  gamma-isomer,  then  at  room  temperature  it  will 
have  completely  evaporated  after  50-60  days. 

The  utilization  of  the  gamma-isomer  to  control  maggots  showed 
that  when  they  are  submerged  in  a  suspension  for  10  seconds  their 
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complete  destruction  was  observed  from  a  0.1%  concentration  of  the 
solution;  the  application  to  a  substrate  of  4^  mg/kg  of  the  gamma- 
isomer  caused  destruction  of  third  stage  larvae. 

The  vapors  of  the  gamma-isomer  possess  high  Insecticidal 
properties.  Thus,  for  example,  the  presence  of  only  1.19  of  the 
Y-preparatlon  per  i  of  air  ensures  the  destruction  of  mosquitoes, 
flies,  and  other  Insects. 

In  fumigating  a  chamber  by  the  combustion  of  filter  paper  on 

surfaces  located  horizontally,  vertically,  and  in  an  Inverted  position, 

the  gamma-isomer  is  deposited  on  tnem  in  considerably  greater 

quantities  than  DDT.  The  greatest  insecticidal  properties  are 

acquired  by  the  surfaces  situated  horizontally,  and  the  least  — 

by  the  inverted  surfaces  (ceiling).  With  respect  to  taiga  mites 

disinfecting  powders  are  highly  effective,  which  contain  2%  of  the 

2 

gamma-isomer,  with  a  normal  expenditure  0.05  g/m  ,  whereas  aldrin 

2 

is  effective  at  a  dose  rate  of  0.3  g/m  (S.  A.  Shilova  and  others). 

The  gamma-isomer  is  widely  used  in  controlling  insects  -  pests 
of  agricultural  plants.  Is  is  considered  to  be  a  nonphytotoxlc 
preparation,  of  course,  when  the  rules  of  application  are  observed. 

The  deposits  on  the  surfaces  of  plants  are  retained  for  4  days;  the 
gamma-isomer  is  a  danger  to  bees,  when  the  preparation  is  used  in 
treating  of  flowering  plants  visited  by  bees. 

When  Introduced  into  a  block  soil  the  gamma-isomer  tends  to 
become  equally  distributed.  From  the  soil  the  hexachlorane  is 
sucked  up  by  the  roots  of  plants.  Mushrooms  collected  from  beds 
treated  with  the  gamma-isomer  acquire  an  Indistinct,  stx-cinge, 
aftertaste,  and  mushrooms  collected  7  days  after  treatment,  have  a 
strong  aftertaste,  which  is  reflected  not  only  in  the  taste  qualities 
of  the  mushrooms  themselves,  but  also  the  quality  of  soup  prepared 
with  them.  After  the  grinding  of  grain,  which  have  been  treated 
with  the  gamma-isomer,  the  majority  of  the  preparation  reiT.alns  in 
the  flour. 
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The  preparation  rapidly  penetrates  through  the  cuticle  of 
insects.  The  mortality  rate  from  applied  [Translator's  Note:  duste^i 
or  sprayed]  and  injected  doses  is  almost  identical.  The  gamma- 
isomer  penetrates  through  the  Integuments  of  Insects  more  rapidly  t!ian 
the  other  Isomers  of  hexachlorane .  The  amount  of  preparation  picked 
up  by  the  Insect  (from  deposits  when  it  is  in  direct  contact  with 
them  depends  upon  the  solubility  of  the  hexachlorane  isomers  in 
particular  hydrocarbon  solvents.  The  dissolving  of  the  gamma-isomer 
in  the  wax  of  the  epicuticle  is  the  first  stage  in  the  death  of 
insects  in  contact  with  it. 

For  producing  insecticidal  aerosols  are  being  manufactured  tablets 
consisting  of  the  gamma-isomer  and  camphor,  which  are  placed  in 
special  electrical  lamps.  These  lamps  in  contrast  to  ordinary  la:ips 
have  an  additional  glass  shell.  In  the  shell  two  holes  are  made, 
in  which  tablets  of  the  hexachlorane  gamma-isomer  are  placed. 

Through  these  same  holes  when  the  lamp  is  burning  exit  the  vapors 
of  the  gamma-isomer.  A  biological  appraisal  has  showed  that  the 
heating  and  light  rays  of  the  Damp  do  not  lower  the  effectiveness 
of  the  preparation. 

The  mechanism  of  its  effect  on  the  insect  organism  is  still 
not  totally  known.  This  preparation  belongs  to  the  neurotoxid 
insecticidal  group.  In  the  insect  organism  it  is  circulated  with 
lymph  and  branches  out  along  the  cords  of  nerve  tissue.  The 
gamma-isomer  affects  the  ganglia,  whert  for  the  appearance  of 
tremors  and  spasms  an  unimpaired  reflex  arc  is  necessary. 

The  effect  of  the  gamma-isomer  on  Insects  has  much  in  common 
with  the  action  of  DDT,  but  there  are  also  dlstlnctlc-"  A  sharply 
expressed  negative  temperature  coefficient  is  absent,  which  is 
usually  noted  in  insects  with  DDT  poisoning;  there  are  no  data 
concerning  any  direct  effect  on  the  peripheral  nerves  and  the 
sensory  receptors.  The  symptoms  of  poisoning  in  cockroaches,  visible 
to  the  naked  eye  after  the  penetration  of  the  preparation  into  the 
body  are  basically  as  follow.  The  initial  excitation  is  replaced 
in  common  cockroaches  by  paralysis  after  20-^0  minutes;  death  ensues 
in  several  hours;  in  American  cockroaches  there  is  observed  the 


rapid  advent  of  tremors,  then  atoxla,  spasms,  loss  of  equilibrium 

and,  finally,  paralysis.  With  the  application  of  the  preparation 

within  the  limits  of  death  occurs  in  common  cockroaches  after 

1 

2^  hours.  Both  when  applied  to  the  body  surface,  and  also  when 
administered  internally  to  ?n  Insect  (common  cockroach)  with  the 
advent  of  convulsions  the  oxygen  consumption  Increases  approximately 
by  5  times,  and  then  in  proportion  to  the  degree  of  exhaustion  of 
the  Insect  it  decreases;  just  before  death  oxygen  consumption  is 
approximately  2  times  less  in  comparison  with  the  normal. 

During  the  prolonged,  systematic  application  of  hexachlorane 
and  its  gamma-isomer  over  a  period  of  2-6  years  insects  develop 
resistance  to  it.  Thus,  for  example,  in  breeding  a  strain  of  house 
flies,  v/hich  had  spent  a  period  of  28  generations  in  a  laboratory 
contaminated  with  hexachlorane,  only  6?  of  the  flies  died  from  a 
dose  which  killed  40^  of  sensitive  strains,  which  had  not  been 
subjected  to  breeding.  Analogous  data  have  also  been  obtained  with 
respect  to  the  gamma-isomer.  The  development  of  resistance  is 
also  observed  ir  other  species  of  insects.  Insects,  which  are 
resistant  to  the  gamma-isomer,  are  also  resistant  to  diene  prepara¬ 
tions,  despite  the  considerable  distinction  in  the  mechanism  of  their 
toxic  action  (V.  I.  Vashkov,  P.  Ya.  Leviyev).  Strains  of  flies, 
which  are  resistant  to  the  gamma-isomer,  metabolize  the  preparation 
more  rapidly  than  sensitive  strains.  The  gamma-isomer  is  adsorbed 
by  the  surface  of  the  insect  body  to  an  identical  degree  both  by 
the  sensitive  strain,  and  also  by  the  resistant  strain  of  flies. 

The  DDT-dehydrochlorlnose  does  not  participate  in  the  metabolism 
of  the  gamma-isomer.  Pentachlorocyclohexane  is,  apparently,  one 
of  the  metabolites  of  the  disintegration  of  the  gamma- Isomer;  30 
minutes-2  hours  after  treatment  it  is  possible  to  detect  measurable 
amounts  of  it  plus  pentachlorocyclohexane  and  other  compounds. 
Inasmuch  as  after  the  Indicated  period  the  content  of  pentachloro- 
cyclchexane  does  not  Increase  although  the  a.nount  of  gamma-isomer 
continues  to  decrease,  it  is  assumed  that  pentachlorocyclohexane 
is  an  intermediate  metabolite.  Both  the  strain  resistant  to  the 
preparation,  and  also  the  sentltlve  strain  easily  metabolize  penta¬ 
chlorocyclohexane  into  other  products. 
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Tox'.clty  to  vertebrate  animals.  Most  of  the  data  available  on 
the  toxicity  of  lindane  is  for  warm-blooded  animals,  which  we  will 
present  in  this  division.  The  latter  is  completely  Justified,  since 
lindane  mainly  contains  the  gamma-isomer  of  hexachlorane  (98^) 

(A.  P.  Volkova).  The  absorption  of  the  gamma-isomer  takes  place 
through  the  s;astro-lntestlnal  tract,  the  skin  and  the  respiratory 
tracts.  The  gamma-isomer  administered  orally  is  more  toxic  to  the 
higher  arimals  than  the  other  isomers.  Thus,  for  example,  when 
orally  administered  Is  equal  in  milligrams  per  kilogram:  for 

the  alpha-isomer  —  1500,  for  the  beta-isomer  —  2000,  for  the  gamma- 
isomer  -  225,  for  the  delta-isomer  —  250,  for  epsilon-isomer  - 
1000  and  a  mixture  of  the  Isomers  -  1250.  The  toxicity  of  the 
gamma-ioomer  depends  on  species  of  animal.  Thus,  it  is  less  toxic 
to  laboratory  animals  than  DDT  and  dieldrin  (Table  6). 

Table  6.  Doses  of  preparations  in  milligrams  per  kilogram, 
which  cause  death  to  50^  of  the  vertebrates  and  insects  when 
the  insecticides  are  injected  or  applied  by  spraying  a 
dusting  on  external  integuments  (according  to  Layg, 

Bodenstlin,  Lehman). 


Vertebrate  animals 

Insects 

Preparation 

sprayed 

or 

dusted 

injected 

sprayed 

or 

dusted 

injected 

Lindane . 

300-500 

50-75 

0.^-7. 5 

3-17 

DDT . . . 

300-300 

12-75 

5-30 

5-60 

Note:  Among  verterates  —  the  frog,  rat,  rabbit,  guinea  pig, 

dog;  among  Insects  —  Musca  domestlca  flies,  cockroaches, 
Aedes  mosquitoes. 


For  the  higher  animals  the  LD^q  is  125  mg/kg  (acute  perocal 
dose).  In  guinea  pigs  with  the  daily  application  of  10  mg/kg  loss 
in  weight  was  observed.  The  application  of  50  mg/kg  to  the  skin  is 
dangerous.  Of  10  rats,  on  whose  skin  there  was  dally  applied 
25  mg/kg,  2  died  oy  the  6-7th  day. 

The  maximum  dose  in  food  products* or  feed,  which  causes  chronic 
intoxication  is  ^00  mg/kg  of  the  product. 
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For  all  species  of  cattle  a  single  spraying  with  a  1.5%  solution 
of  lindane  is  lethal;  a  0.25^  dilution  is  tolerated  without  complica¬ 
tions.  The  daily  bathing  of  sheep  and  goats  for  2  weeks  in  a  0.025^ 
solution  of  lindane  (prepared  from  25%  wettable  powder)  led  to  the 
accumulation  in  the  fat  of  the  sheep  of  4.22  mg/kg,  in  the  fat  of 
goats  of  2.62  mg/kg  of  the  gamma-isomer.  After  cessation  of  the 
bathing  these  deposics  gradually  decreased  and  after  12  weeks  they 
were  not  detectable  by  chemical  methods. 

In  a  number  of  states  of  the  USA  for  controlling  itch  mites  on 
dairy  and  meat  cattle  lindane  is  applied  in  a  single  spraying  of 
0.09%  suspension  or  in  double  application  of  0.0045%  suspension  with 
an  Interval  of  15  days.  With  a  single  application  of  5-7  Z  of 
suspension  per  animal  (to  protect  the  udder  and  head)  the  maximum 
amount  of  gamma-isomer  detected  in  the  milk  was  within  the  limits 
of  0.4  m^;;/kg  one  day  after  spraying.  After  17  days  the  amount  of 
preparation  in  the  milk  was  0.02  mg/kg. 

The  gamma-isomer  has  a  local  irritating  effect  on  healthy  skin; 
it  can  penetrate  through  the  skin  into  the  organism  and  cause  its 
general  poisoning.  With  the  chronic  effect  by  the  gamma-isomer  in  the 
experimental  animals  (cats)  there  is  observed  a  rather  rapid  decrease 
in  the  imm.unobiological  reactivity,  which  manifests  itself  in  a 
lowering  of  the  agglutination  titer  after  immunization  with  typhoid 
vaccine.  The  toxicity  of  the  gamma-isomer  to  a  considerable  degree 
depends  on  the  way  it  is  Introduced  and  on  the  solvent;  thus,  for 
example,  for  rats  the  in  paraffin  oil  is  35  mg/kg,  in  linseed 

oil  -  75  mg/kg,  in  fish  oil  -  80  mg/kg  (Ye.  N.  Burkatskaya,  V.  I. 
Vashkov) . 

During  the  prolonged  Introduction  into  the  stomach  of  rats 
of  small  doses  of  various  Isomers  the  gamma-isomer  is  least  toxic,  the 
most  toxic  —  the  alpha-  and  the  beta-isomers.  All  the  isomers  are 
mainly  stored  in  f?tty  tissue,  however,  the  alpha-  and  beta-isomers 
are  retained  in  the  organism  in  larger  amounts  than  the  gamms-lsomers . 

The  ganma-isomer  is  chiefly  a  neurotropic  poison  rendering  a 

toxic  effect  on  warm-blooded  animals  when  getting  into  the  organism 
i 
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through  the  mouth  and  respiratory  tract;  when  entering  through  the 
mouth  it  Is  4-10  times  more  toxic  than  hexachlorane .  The  gamma-isomo 
can  accumulate  in  the  organism  when  repeatedly  administered  in  hypotc 
doses.  Therefore,  the  presence  of  gamma-isomer  residues  in  food 
products  cannot  be  permitted,  inasmuch  as  5-10  mg  of  it  per  kg  of 
the  product  during  prolonged  use  can  cause  degenerative  changes  in 
the  liver  of  animals,  pathological  changes  in  the  blood  and  death 
to  individual  animals,  and  also  the  intoxication  and  death  of  the 
offspring.  This  indicates  that  when  the  gamma-isomer  gets  into  food 
products  it  is  dangerous  tc  the  health  of  humans  (Ye.  A.  Antonovich). 

The  latter  is  especially  dangerous  to  pregnant  women  and  nursing 
mother?,  since  residues  of  the  insecticide  can  cause  not  only  acute 
poisonlnv  in  the  mother,  but  the  secretion  of  the  gamma-ioomor 
with  the  milk  can  be  dangerous  for  the  child.  From  the  point  of 
view  consumption  by  milk  cows  of  feed  treated  with  ga.iima-isomer  is 
contraindicated.  Milk  containing  oven  the  slightest  residue  of  the 
preparation  should  not  be  allowed  to  be  put  in  children's  food. 

The  symptoms  of  poisoning  in  warm-blooded  animals  are  the  follow 
ing:  there  are  obser\^ed  increased  sensitivity,  excitability,  loss 
of  equilibrium,  ataxia,  tremors,  spasms,  fits,  increased  arterial 
pressure,  decrease  of  cardiac  activity,  the  encephalogram  is  of  the 
epileptic  type,  frequent  urination,  deep,  rapid  breathing,  and  death 
due  to  an  acute  decline  in  strength  or  after  respiratory  paralysis. 

In  dogs  after  intramuscular  administration  of  the  preparation  in  oil 
there  are  noted  typical  profound  apathy,  anorexia,  loss  in  weight, 
and  convulsion  before  death.  In  acute  poisoning  nervous  symptoms 
predominate:  in  dogs  after  the  oral  administration  of  100  mg/kg 
convulsions  appear  in  10-15  minutes.  Barbiturates  of  curare  and 
section  of  the  neck  segment  of  the  spine  prevent  the  appearance  of 
the  spasms. 

The  greatest  deposits  are  noted  in  the  fat,  brain,  kidneys,  and 
muscles.  The  gamma-isomer  and  the  products  of  its  metabolism  are 
mainly  excreted  with  the  urine  (more  rapidly  in  males)  The  symptoms 
in  man  are  reminiscent  of  the  symptoms  of  poisoning  in  animals. 
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In  rats  eating  feed  containing  100  mg/kg  of  the  preparation, 
changes  were  detected  in  the  liver,  and  kidneys  by  hystologlcal 
sections;  enlargement  of  the  liver.  Inflammation,  variation  in  color, 
fucal  necroses,  atrophy,  fatty  degeneration. 

The  vapors  of  lindane  possess  considerable  toxicity.  When 
inhaled  it  can  cause  considerable  irritations  of  the  mucous  membrane 
of  the  nose,  eye,  nasopharynx,  vomiting,  headache.  Overheated  lindane 
is  especially  irritating  to  mucous  membranes.  The  maximum  permissible 
concentralpion  of  vapors  in  the  air  for  safe  work  during  an  8-hour 
working  day  is  0.5  Y  per  I  of  air.  The  vapors  of  the  gamma-isomer 
forming  after  the  application  of  oil  solutions  on  the  surfaces  of 
premises  contaminate  exposed  and  packed  products.  The  permissible 
amounts  of  the  gamma-isomer  in  products  is  0.5  mg/kg. 

There  are  data  about^the  fact  that  with  the  accidental  introduction 
into  a  river  of  large  quantities  of  the  gamma-isomer  over  a  length 
of  10  km  of  a  river  course  all  species  of  fish  died.  In  stagnant 
water  in  the  presence  of  0.05  mg/£  of  the  preparation  70-805^  of  the 
trout  died  within  6  days. 

Among  fish  (11  tropical  species)  located  in  an  aquarium  aerated 
with  the  air  of  a  room,  which  contained  vapors  from  a  constantly 
acting  gamma-isomer  evaporator  a  high  mortality  rate  was  observed 
among  them.  The  deposits  in  the  aquarium  were  toxic  for  house 
flies. 

In  controlling  scabies  among  people  it  is  permissible  to  apply 
the  gamma-isomer  in  a  concentration  of  0.03-0.05/J  not  more  than  2 
times  per  year.  Hui.ian  sensitivity  to  the  gamma-isomer  oscillates  to 
a  considerable  degree.  Its  lethal  dose  for  man  is  approximately 
1.5  g,  i.e.,  about  20-30  mg/kg.  A  dose  of  the  insecticide  of 
17  mg/kg  is  on  the  border  between  toxic  and  lethal.  L.  I.  Medved* 

(1956)  considers  that  a  lethal  outcome  can  occur  when  the  human 
orgaiiism  is  exposed  to  15-18  mg/kg  of  this  preparation. 

According  to  Greaves,  of  15  persons,  who  received  a  single 
oral  dose  of  ^0  mg  of  lindane  In  i.he  form  of  an  emulsion,  11  survived 
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the  dose  without  aftereffects,  in  others  there  were  observed 
dizziness,  spasms,  epileptic  seizures,  nausea,  and  pains  in  the 
intestine.  Se\ere  sickness  with  spasms  was  noted  in  a  young  man  after 
a  dose  of  ^5  mg  of  the  preparation  as  a  vermifuge.  Adults  survived 
without  injury  after  3  daily  doses  of  the  preparation  of  90  mg  each; 
with  a  subsequent  dose  after  5  days  there  appeared  heachaches, 
dizziness,  and  diarrhea.  After  a  daily  single  dose  during  a  period 
6  days  of  a  100  mg  of  a  preparation  containing  60~35/?  of  the  gamma- 
isomer  diarrhea  was  observed.  A  dangerous,  acute  toxic  dose  for 
humans  is  7-15  g. 

DDT 

The  DDT  -  0^21^0*^15  ~  ’-dichloro-diphenyl-trichloromethylmethane 

H 

CI-C-Cl 

I 

Cl 

t 

Synonyms:  1,  1,  l-trlchlbr-2 ,  2-di-(n-chlorophenyl )-ethane ;  k,  ^'-DDT; 
n,  n'-DDT  2,  2-bls- '^-chlorophenyD-l,  1,  1-trichlorethane ;  trichloro- 
Fara-(^-chlorophenyl)-ethane ;  d,  d’-para-(p-chlorophenyl)-S ,  B,  6- 
trichlorethane ;  chlorophenothane ;  dlkaphen;  gezarol';  neocide; 
pentachlozlne  and  others.  The  molecular  weight  is  35*^. 5. 

To  abbreviate  the  name  this  compound  is  designated  by  three 
letters  -  DDT  or  n,  n'-DDT. 

The  melting  point  of  DDT  is  92.5-93°  (at  1  mm  Hg);  the  specific 

,  -7 

gravity  at  25°  is  1.556  (1.0-1.52);  the  vapor  pressure  5 ■ 10  mm  Hg 

at  20°.  The  indices  of  refraction  -  alpha  -  I.618;  beta  -  1.628,  and 

gamma  -  1.755. 

Technical  DDT,  from  which  the  different  insecticidal  preparations 
are  prepared  (disinfecting  powders  for  dusting  and  spraying,  emulsions, 
solutions),  is  made  up  of  flakes  or  fragments  with  a  dimension  of 
up  to  3  cm.  The  color  is  from  white  and  gray  to  brown  with  a 


solidification  point  not  lower  than  80*^ .  The  preparation  possesses 
a  clearly  perceptible  characteristic  odor.  It  contains,  besides 
4,  4*-dichloro-dlphenyl-trichloromethylniethane  11  or  more  other 
compounds,  including  a  considerable  amount  of  the  2,  4-lsomer  and  a 
small  amount  of  the  2,  2-lsomer. 

The  acidity  of  the  technical  preparatloa  should  be,  when  scaled 
to  sulfuric  acid,  not  more  than  0.06,  and  the  moisture  content  not 
more  than  9.^%.  In  water  it  is  almost  insoluble  -  approximately 
O.OOOOliJ. 

The  specifications  set  forth  by  the  Committee  on  Insecticides  of 
the  Universal  Organization  of  Public  Health  for  DDT  produced  by 
Industry  are  the  following: 

Minimum  Maximum 


Solidification  point . .  .  89®  — 

Total  content  of  organic  chlorine  in  weight 

percents .  49  51 

Content  of  hydrolyzing  chlorine  in  weight 

percents .  9-6  11.5 

Content  of  the  n,  n’ -isomer  in  weight  percents...  70  — 

Melting  point  of  the  n,  n'-lsomer .  104°  — 

Content  of  hydrochloride  in  weight  percents .  -  0.025 

Acidity  based  on  H^SO^  in  weight  percents .  -  0.3 

Solid  substance  insoluble  in  acetone  in  weight 

percents .  -  1.0 

Water  content  in  weight  percents .  -  1.0 


According  to  Bowman,  who  conducted  experiments  with  DDT  tagged 
14 

with  carbon  (C  ),  Its  solubility  in  water  is  1.2  parts  per  billion, 
and  according  to  other  authors  -  If.  ug  per  l  of  water.  The  DDT  is 
much  more  soluble  in  the  majority  of  organic  solvents.  Pure  DDT 
has  a  neutral  reaction  and  is  stabler  than  the  technical  preparation 
is.  P.  Bezuglyy). 

In  a  highly  alkaline  medium,  including  lime,  DDT  is  decomposed 
with  the  formation  of  the  poorly  insecticidal  compound,  dlchloro- 
dlphenylethane.  It  decomposes  at  100°,  rapid  decomposition  occurs  at 
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temperc4!:ure  of  195°;  the  technical  preparation  of  less  resistant  to 
Keating.  Iron  and  its  salts  in  the  form  of  trlvalent  iron,  especiall;. 
ferric  chloride  and  aluminum  chloride  during  heating  decompose  DDT. 

After  evaporation  of  the  solvent  DDT  crystallizes  in  the  form 
of  small,  thin  noedle-shaped  crystals.  Depending  upon  the  type 
of  solvent,  the  concentration  of  the  solution  and  the  rate  of  evapora¬ 
tion  the  same  size  and  shape  of  the  crystals  can  vary  somewhat 
(Table  7). 


Table  7*  The  composition  of  technical  DDT. 


Nkat  of  VMpound 

Centiint  in  ptreanta  in  laaplta 
with  tht  aalldlfleatlon  point 

•1.4* 

»l.2*  1 

:  *****  1 

Oil 

4(  4'*dlehloro<t)ph«nyltrlahloraMthylMlham  .1 
2|  4^ichlorediphtn>ltrlehloraM'V\/lBtth»ne.. ! 
2,  2'^l«hlorodlph«qyltrlahl«raMti)ylMthaM.  i 
A,  4<>dlshler«dlpt'iiqyltrl«hloraMtturlat'thaM.  ' 

4..«hler»ph«rvltrl«hleraMtt)yler.(tlnol . i 

Bia-(4-ehlorep)Mnyl)*tuiroM..... . { 

2«tFlehlor*l*A-«filore|ih«iiiyl*'tturlehlorab*nzo"  i 

71.7 

0,011 

0.17 

0,05V  ] 

1  : 

74.0 
».•  ! 

0,5 

0.2 

1  0,6 

70,3  1 

1 

1  1.0  1 

!  1 

\  0.11 

2aehloKpn*iiylehlani4eataald*................  ^ 

1 

!  l,iv> 

1  ft  fkiT  1 

4Bahlaraphai^lehlareaea toaide . I 

1  0.006 

!  ft  fti  : 

'  ft  M 

1 

t  ■■■anjua  chlarahanrtMaulfanata............ 

ft  tVA 

! 

1 

Chlarebaniana. . . . . 

***" 

2Ti4 

0,73 

JUlcMarabaiuana  ...........................  . 

J 

1  ** 

Inaivmlo  eaapeiiiida...... . . 

;  0,01 

0,1 

5,68 

oTm 

1  2,593 

jM^irtiriad  aaMpeundt.. . . . 

I  14.604 

i 

21, «2 

i 

The  DPT  was  synthesized  in  187^.  Its  insecticidal  properties 
were  determined  in  1939-  It  was  proposed  as  an  insecticide  in 
Switzerland  in  19^2.  In  the  Soviet  Union  DDT  was  investigated  in 
19^^  in  the  Chemical-Pharmaceutical  and  DislnfectionaJ  Institutes  of 
the  Ministry  of  Public  Health  of  the  USSR. 

Possessing  good  insecticidal  properties  and  mild  toxicity  for 
man  and  animals  and  being  free  from  a  number  of  deficiencies  peculiar 
to  pyrethrum  and  preparation-K  applied  at  that  time  in  the  Soviet 
Union,  DDT  very  rapidly  occupied  a  leading  place  in  controlling 
everyday  parasites  and  agricultural  pests.  Especially  Important 
are  the  properties,  which  favorably  distinguish  this  preparation  from 
the  vegetable  insecticides,  its  resistance  to  the  external  factors 
of  the  environment  and  its  high  activity. 


The  DDT  possesses  selective  toxicity  —  for  insects  it  is  highly 
toxic  while  for  warm-blooded  animals  its  toxicity  is  low. 

The  introduction  of  DDT  into  practice  for  controlling  Insects 
created  a  revolution  in  the  field  of  disinfestation,  since  it  opened 
great  possibilities  for  destroying  harmful  Insects.  An  especial!;^ 
great  role  was  played  by  DDT  in  eliminating  malaria  and  other 
parasitic  Infections  on  the  earth.  Purthemore,  the  introduction  of 
this  preparation  stimulated  further  research  for  new  insecticides.  ' 
In  connection  with  the  broad  application  of  synthetic  insecticides 
in  control  practice  and  especially  in  agriculture  the  necessity 
of  a  detailed  study  of  the  toxicity  of  insecticides  to  humans, 
animals,  and  vegetation  has  arisen. 

The  interest  Induced  by  DDT  has  stimulated  the  study  of 
pharmacology  and  the  pharmacodynamics  of  insecticides,  which  has 
considerably  Increased  our  knowledge  in  this  field.  The  introduction 
of  DDT  has  opened  a  new  path  for  the  creation  of  synthetic  preparations 
possessing  valuable  properties  including  such  as  the  combination  of 
high  insecticidal  properties  with  relatively  low  toxicity  to  person, 
domestic  and  wild  animals. 

The  determination  of  the  fact,  that  with  prolonged  application 
of  DDT  there  develops  a  resistance  to  it  among  arthropods,  has  somewhat 
decreaseu  its  distribution  and  the  analogs  close  to  it. 

The  positive  qualities  of  DDT  are  well-known.  Among  them  there 
belong:  1)  its  universality  of  application  (against  everyday  and 
agricultural  parasites),  2)  its  resistance  to  oxidation,  3)  its 
low  volatility,  the  absence  of  an  unpleasant  odor,  6)  the  preserva¬ 
tion  of  its  activity  for  a  long  period  of  time,  7)  its  use  for  the 
purposes  of  treating  fabrics  (impregnation),  8)  it  does  soil  or  stain. 

The  study  of  DDT  there  has  been  dedicated  a  great  number  of 
scientific  works,  reports,  treatises,  monographs,  and  dissertations 
(N.  N.  Mel'nikov,  V.  A.  Nabokov,  Ye.  A.  Pokrovskiy,  195^;  V.  I.  Vashkov, 
L.  N.  Pogodina,  N.  A.  Sazonova,  1935;  N.  B.  Il'lnskaya,  1961; 
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G.  M.  Meyerson,  1962),  and  also  special  instr;  uions  have  been  works- 
out. 


The  DDT,  when  applied  to  surfaces,  re^niiis  Its  Insecticidal 
properties  for  a  long  time.  Thus,  for  examp  .e ,  walls  Inside 
habitations,  treated  with  DDT  preparations  at  a  rate  of  1-2  g  per 

j> 

m’,  preserve  their  Insecticidal  properties  for  about  6  months  in  ti.u 
central  belt  of  the  Soviet  Union,  and  the  outside  walls  of  structures  - 
more  than  a  month. 

Chemical  analysis  shows  that  the  DDT  is  rapidly  absorbed  by  wooden 
surfaces,  and  then  slowly  migrates  from  the  Inside  outwards, 
crystallizing  on  the  surface  of  the  wood  (forms  a  patina).  The 
factors  affecting  this  process  are  the  composition,  solvent  and 
time  factor.  There  are  data  about  the  fact  that  after  treatment  of 
the  bark  of  an  elm  tree  with  DDT  preparations  the  latter  retains  Its 
insecticidal  effectiveness  in  the  upper  layer  of  the  bark  for  a  period 
of  1^  years. 

When  applied  to  the  soil  DDT  can  retain  Its  insecticidal 

properties  for  a  number  of  years.  According  to  Fleming  and  others, 

who  studied  8^  samples  of  soils  and  manure,  the  average  amount  of 

2 

DDT  In  the  soil  after  dusting  at  a  rate  of  3-6  g  per  m  was  equal 
to  after  a  year,  90J<  after  2  years,  19%  after  3  years,  6H%  after 

^  years,  56%  after  6  years,  441  after  8  years.  In  soils  treated  with 
50  kg  of  DDT  per  hectare,  the  pattern  of  preparation  loss  was  the 
same.  When  the  DDT  was  mixed  with  earth,  the  losses  were  less  in 
comparison  to  those  when  the  preparation  was  applied  with  peat. 

The  duration  of  DDT  retention  was  affected  by  various  factors,  and 
not  only  by  the  method  of  applying  the  preparation.  In  2/3  of  the  soils 
50?  of  the  DDT  was  retained  after  8  years,  an'^  In  9/10  of  the  soils 
it  was  possible  to  detect  more  than  25it  of  It  after  a  prolonged 
period  of  time. 

The  tendency  towards  more  prolonged  retention  of  DDT  In  soil 
in  proportion  to  the  transition  from  north  on  south  indicates  that 
there  is  some  connection  with  the  organic  composition  of  the  soil. 

The  DDT  Is  retained  longer  In  sand  and  least  of  all  In  manure ;  In 
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various  types  of  clay  the  duration  of  preservation  was  identical.  A 
pH  index  within  the  limits  of  from  k  to  7-5  does  not  play  a  role. 

The  more  organic  substances  in  the  soil,  the  shorter  the  period  of 
time  DDT  is  retained  in  the  soil. 


The  DDT  has  an  Insignificant  action  on  the  soil  forms  of 
microorganisms. 

Upon  getting  into  the  soil  the  relative  humidity  has  a  strong 

effect  on  the  toxicity  of  the  insecticide;  with  an  Increase  in 

humidity  of  iO!J  the  effectiveness  is  doubled.  The  movement  of  the 
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insecticide  tagged  with  C  in  the  soil  is  blocked  both  by  high,  and 
also  by  low  humidity.  The  migration  of  water  in  the  soil  causes 
movement  of  the  preparation  in  the  same  direction. 


The  DDT  preparations  are  widely  used  to  protect  agricultural 
plants  and  green  plantings  including  gardens  (Ye.  N.  Burkatskaya, 

M.  Z,  Lur'yev,  S.  G.  Ped'ko,  M.  G.  Khatln).  In  treating  rice  fields 
for  the  purpose  of  controlling  mosquito  larvae  there  is  detected 
after  the  gathering  of  the  harvest  in  rice  straw  4.3  mg/kg  of  DDT, 
in  the  rice  husk  [palea]  3*2  mg/kg,  in  refined  rice  0.7  mg/kg  of 
DDT.  According  to  P.  P.  Vayntraub,  after  the  spraying  of  winter 
wheat  in  the  Stavropol'  Region  with  a  DDT  suspension  (400  i/ha)  at 
a  rate  of  3  kg/ha  of  technical  preparation,  in  the  ears,  which 
appeared  after  the  treatment,  protected  by  paper  caps  from  possible 
DDT  drift  by  the  wind  from  neighboring  plants  10  days  after  spraying 
there  was  detected  1.78  ug/g  of  DDT.  Analogous  data  were  obtained 
in  treating  wheat  during  earing,  when  the  ears  were  also  protected 
by  caps. 

Into  the  whorls  and  sheaths  of  corn  leaves  there  were  Introduced 
granules  of  DDT  (with  a  diameter  of  0.5-1  mm)  with  0.5  g  on  each 
plant  (20  kg/ha).  In  a  vegotational  experiment  in  treating  with 
2.5>  or  6%  granules  after  5  days  there  was  found  in  the  leaves 
0.5-1. 4  g  of  DDT.  In  an  experiment  on  plots  (Moldavia)  10  days  after 
the  application  of  5%  or  7.5i  granules  there  was  detected  corn  in 
the  stems  0.17-0.45  wg/g  of  DDT.  The  DDT  content  in  the  plants 
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depended  upon  the  initial  concentration  of  DDT  in  the  granules.  In 
using  granules  with  a  superphosphate  filler  in  the  stems  more  DDT 
was  detected  than  in  those  variants,  in  which  the  filler  was  clay 
and  kaolin. 

Beginning  vrlth  1961  the  limited  application  of  DDT  was  introduced 
into  agriculture,  the  essence  of  which  reduces  to  the  followlri;»: 
the  treating  of  agricultural  plants  used  in  human  food  is  prohibited; 
the  treating  of  the  pastures  of  dairy  cows  and  animals  intended  for 
slaughter  is  prohibited;  tne  treating  of  orchards  is  permitted  up  to 
the  time  of  their  blossoming. 

The  DDT  penetrates  through  the  leaves,  rhizomes  into  vet^c tables 
and  fruits,  including  oranges,  apples;  the  degree  of  penetration 
depends  on  the  type  of  preparation.  Immediately  after  treating 
forests  and  fields  the  DDT  content  in  the  grass  is  21-348  yg/g,  and 
on  the  60th  day  it  decreases  to  2.2-17.6  ug/g;  in  hay  on  the  120th 
day  the  DDT  content  is  1.8-43.2  yg/g,  on  the  325th  day  -  0.05-0.4 
wg/g.  In  hens’  eggs  the  DDT  content  on  the  day  after  the  treatment 
reached  0.57  wg  per  egg,  and  after  a  month  -  0.12  yg  per  egg. 

When  it  is  necessary  to  simultaneously  conduct  disinfection  and 
disinfestation  chloramine  is  added  to  the  DDT  emulsion  (V.  t’.  Oslpyan, 
N.  D.  Uspensklyy). 

Technical  DDT  is  used  in  the  Industrial  manufacturing  of  disin¬ 
fecting  powders,  solutions,  emulsions,  soap,  and  other  preparations 
applied  for  the  destruction  of  many  forms  of  Insects  (lice,  bed 
bugs,  cockroaches,  fleas,  house  flies,  and  mites);  this  compound 
does  not  act  in  Insect  eggs.  The  DDT  belongs  among  preparations  of 
contact  action  (M.  L.  Pedder,  V.  I.  Vashkov,  A.  M.  Klechetova, 

R.  B.  Kosffllnskly,  and  others). 

Preparations  prepared  from  DDT.  Disinfecting  powders  are 
prepared  with  various  percentages  of  the  preparation  -  5.51  DDT 
disinfecting  powder  contains  the  technical  prepara’-:  in  and  filler;  in 
accordance  with  technical  conditions  the  di8lnfec’.*..g  powder  should 
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contain  4.5-5?!  pure  DDT,  9^.5%  filler  (talc  with  chalk  added)  and  not 
more  than  1.5%  moisture;  the  fineness  of  the  grind  is  measured  by 
the  residuum  on  the  screen  (No.  170/69  with  the  size  of  the  mesh  gap 
84  u),  which  should  not  exceed  2.5?!.  The  preparation  is  manufactured 
for  controlling  agricultural  pests.  It  can  be  used  for  destroying 
the  parasites  of  man  and  of  his  dwellings.  It  is  also  applied  as  a 
10$  disinfecting  powder  in  those  cases,  when  the  latter  is  absent. 

Ten-percent  DDT  disinfecting  powder  contains  10$  tc 'jhnical  DDT 

(6.7-8$  pure  DDT)  and  90$  kaolin  or  a  mixture  of  kaolin  with  talc 

(up  to  20$).  In  accordance  with  the  technical  specifications,  it 

should  contain  not  more  than  1.5$  moisture.  It  is  used  against  all 

species  of  insects  and  mites  by  application  on  a  surface  at  a  rate  of 

2-4  g  per  m  (of  the  technical  preparation),  and  also  by  dusting 
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vegetation  to  control  mites  at  a  rate  of  0.25  g/m  . 

For  controlling  arthropods  they  also  manufacture  disinfecting 
powders  containing  30-75$  DDT. 

Both  disinfecting  powders  containing  30-75$  DDT  and  also  others 
are  used  for  dusting  surfaces  or  from  it  they  make  a  suspension 
(suspended  powder  in  water)  various  concentrations.  The  DDT  prepara¬ 
tion  is  also  used  in  the  manufacture  of  50-75$  wettable  powders, 
which  are  used  in  the  form  of  suspensions.  The  heating  of  DDT  for 
an  hour  to  a  temperature  of  70®  causes  an  increase  in  its  ability 
to  form  suspensions  (probably,  as  a  result  of  the  drying  effect); 
heating  it  to  temperature  above  70®  for  a  similar  time  period  causes 
a  decrease  in  the  suspension  qualities. 

In  20$  concentrated  mineral-oil  DDT  emulsion  there  is  contained 
20$  technlcax  preparation,  4o$  spindle  oil,  5$  sulf-ce  liquor  and 
35$  water.  The  liquid  has  the  consistency  of  sour  cream  from  a 
light-gray  to  brown  color.  The  concentrate  is  stable  and  can  be 
kept  for  a  long  time  at  temperatures  down  to  -35°.  The  dilute 
concentrate  (emulsion)  is  unstable  and  cein  be  stored  for  not  more 
than  twenty-four  hours.  It  is  used  against  fleas,  bugs,  mosquitoes, 
gnats,  cockroaches,  and  other  arthropods. 
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A  concentrate  of  DDT  emulsion  with  synergist  contains  20? 
technical  preparation,  5%  sulfoanillde,  60?  green  oil,  15?  OP-7. 

It  Is  used  for  controlling  files,  bugs,  and  oriental  cockroaches. 

Vfhen  used  the  concentrate  Is  diluted  with  5-10  parts  water  (to 
2-4?  DDT)  and  applied  at  a  rate  of  2  g  of  DDT  per  m  of  surface. 

In  using  a  hand  sprayer  and  other  sprayers  giving  large-cirop 
atomiaatlon  certain  contamination  of  the  surfaces  can  occur. 

A  50?  emulsion-paste  of  DDT  contains  50?  technical  DDT  (not 
less  than  34.5?  pure  DDT),  10?  grade  "2"  spindle  oil,  15?  sulfite 
waste  liquor  and  25?  water.  In  external  appearance  this  thick  mass 
has  a  consistency  of  a  gray-colored  paste.  When  mixed  with  water 
It  forms  an  emulsion,  the  drops  of  which  contain  DDT;  furthermore, 
a  small  portion  crystallizes  out  and  settles  to  the  bottom;  a  1? 
concentration  emulsion  should  be  stable  for  4  hours.  The  preparation 
Is  used  for  destroying  gnats,  mosquitoes,  flies,  cockroaches,  bugs, 
lice,  mites,  and  others. 

An  emulsified  suspension  of  DDT  (a  paste  of  the  [TsNIDI]  (LIHMJIM)) 
contains  60?  DDT,  8-9?  OP-7  or  OP-10,  5-6?  talc  and  25-27?  water. 

The  DDT  is  In  the  emulsified  suspension  in  crystalline  form  and  only 
an  Insignificant  portion  of  it  is  in  solution.  The  preparation  is 
a  white  semlsolld  mass,  easily  cut  by  knife.  It  is  applied  in  the 
same  concentrations  (by  active  substance),  an  emulsion  against  mites 
and  insects  —bugs,  flies,  cockroaches,  mosquitoes,  inside  and 
outside  living  quarters  (A.  N.  Tregubov,  N.  A.  Fuks,  and  others). 

Dezinsektal*  -  5-7?  DDT  solution  in  kerosene.  The  preparation 
possesses  high  Insecticidal  properties  in  connection  with  the  fact 
that  one  Insecticide  (DDT)  Is  dissolved  In  another  insecticide 
(kerosene).  For  the  purpose  of  decreasing  the  kerosene  odor  the 
latter  Is  chlorinated.  In  which  chlorinated  lime  Is  added  to  It 
(25  g/l)  thoroughly  mixed  and  precipitated.  After  twenty-four 
hours  the  chlorinated  kerosene  Is  run  off  from  the  precipitate. 

Besides  DDT,  In  Individual  cases  to  the  chlorinated  kerosene  there 
are  added  3-10?  turpentine  and  1-3?  hexachlorane.  Such  a  preparation 
possesses  higher  Insecticidal  properties  than  kerosene  containing 
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only  DDT.  Dezlnsektal’  can  be  used  for  controlling  cockroaches  and 
other  crawling  Insects,  but  the  greatest  effect  Is  attained  In 
controllln,!  bugs,  wherein  preparation  acts  not  only  on  the  bugs,  but 
also  on  their  egf:,3. 

Tc'-.oyl'  --  the  compositlor  of  this  preparation  Includes  25%  DDT 
(not  les^  than  13iJ  pure  DDT),  401  chlorobenzene,  10$  spindle  oil, 

25$  neutPAl  julfonated  fish  oil  and  ammonium  naphthenic  soap. 

Detoyl’  -  a.r.,  emulsion  concentrate  consisting  of  an  oll-like  thick 
gray  to  darK-brown  colored  liquid. 

Sublimating  aerosol  thermal  mixtures  or  DDT  smoke  pots  contain 
DDT,  thiourea,  Berthollet’s  salt  [potassium  chlorate]  and  others 
(see  Chapter  XI  "Aerosols,  obtained  with  the  help  of  thermal 
mixtures").  The  DDT  is  heat-resistant;  noticeable  decomposition 
begins  at  195®  in  smoke-pots,  with  flameless  combustion  (350-^00®)  It 
is  decomposed  by  approximately  10-30$;  the  remaining  portion 
evapora<'es,  and  then  condenses  In  the  air,  form  solid.  Insecticidal, 
aerosol  particles.  Strong  alkalis,  and  also  ]lme  rapidly  decompose 
DDT. 


DDT  soap  contains  5$  preparation  2-3$  solvent  (diphenyl  oxide, 
liquid  petrolatum),  92-93$  household  soap.  When  pediculosis  occurs 
it  is  used  for  washing  the  head  and  washing  the  garments  and  bed¬ 
clothing.  The  DDT  soap  cein  be  used  in  controlling  lice  and  fleas 
(see  "Lice  and  Their  Control"). 

Insecticidal  properties  of  DDT.  The  sensitivity  of  Insects  to 
DDT  is  determined,  apparently,  by  a  number  of  factors  having  greater 
or  lesser  significance.  According  to  I.  V.  Kozhanchlkov,  sensitivity 
depends  on  the  stage  of  development  of  the  Insect;  thus,  dlapauslng 
eggs  and  pupae  are  less  sensitive  to  Insecticides  than  the  imaigo, 
which,  probably,  is  explained  by  the  Icwereu  metabolism. 

When  growth  and  development  of  the  insecv  starts,  which  are 
accompanied  by  the  formation  of  cellular  ^tru<'tu.res  and  the  Intense 
absorption  of  oxygen,  then  oxidase  (the  cytochrome  system),  enters  In 
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A.ction,  in  connection  with  which  the  7c.  "titlvity  to  DDT  increases. 

A»lult  flies,  in  which  oxidation  is  of  the  oxidase  type, 

are  least  sensitive  in  the  case,  when  <'  v  possess  high  activity  of 
cytochrome  oxidase;  due  to  this  the  partial  oppression  of  cytochrcnif 
oxidase,  caused  by  DDT,  is  not  so  strong!;;  reflected  on  the  Insect 
organism. 

c  The  earliest  criteria  of  the  influence  of  DDT  are  the  Increase 
in  the  sensitivity  of  the  labella.  With  the  topical  application  of 
a  dose  300  times  less  than  LD^^,  there  is  noted  after  l^-  minutes  a 
six-fold  inci-v ase  in  the  sensitivity  of  the  hairs  of  the  labella  to  a 
saccharose  solution.  The  chemo receptors  Jo  not  react  to  the 
saccharose  lC-11  minutes  after  the  treatment.  This  time  coincided 
with  the  stage  of  paralysis.  Thlophos  in  contrast  to  LDT  did  not 
have  stronger  effect  on  the  hairs  of  the  labella  in  comparison  with 
its  effect  on  the  whole  fly. 

Another  symptom  of  the  effect  of  DDT  on  flies  is  also  the  fact 
that  they  begin  to  periodically  stretch  out  their  legs;  such  a 
phenomenon  does  not  occur  earlier  than  ^  minutes  after  the  treatment. 

Lethal  doses  of  DDT  for  Insects  vary  to  a  great  degree  depending 
on  the  species  and  sex  of  the  insect,  the  stage  of  development,  and 
the  age,  how  well  nourished  the  insect  is,  season,  temperature,  age, 
rate  of  expenditure  of  the  preparation.  In  some  cases  50%  of  the  bugs, 
house  flies  and  body  lice  die  with  the  application  per  insect  of 
0.05  ug)  in  others  -  this  dose  is  far  from  sufficient.  Usually  the 
females  are  more  resistant  than  the  males,  which  to  a  considerable 
degree  depends  on  the  weight  of  the  Insect.  Insects  captured  under 
natural  conditions  are  approximately  5-10  times  more  resistant  to 
the  preparation  than  the  specimens  of  a  laboratory  sensitive  strain. 

The  lr.»ecticldal  properties,  in  applying  the  preparation  with 
various  fillers,  depend  on  a  number  of  factors,  including  the  type 
of  filler,  the  genus  and  species  of  the  Insects,  and  also  on  the 
configuration  of  the  prepiratlcn. 


52 


On  clay  surfaces  DDT  rapidly  loses  its  insecticidal  properties 
and  completely  vanishes  after  4  weeks.  The  rate  of  this  disappearance 
Is  Identical  whether  emulsions  or  suspensions  are  used;  however «  the 
degree  of  decomposition,  when  suspensions  are  applied,  depends  on 
the  preparation  dose  applied  to  the  surface.  The  loss  of  DOT 
effectiveness  on  clay  bars  depends  on  adsorption;  In  removing  several 
layers  from  such  bars  (0.5  mm  each)  to  a  depth  up  to  2  nn  the  amount 
of  DDT  and  dlchlorodlphenylethylene  [DDE]  (jmE)  In  each  layer 
corresponded  to  the  total  amount  applied.  Twenty-four  hours  after  the 
application  the  preparation  was  almost  completely  still  situated  in 
the  upper  layer  (0-0.5  mm).  The  losses  of  Insecticidal  properties  by 
the  preparation  on  the  surface  depend  on  the  atmospheric  numldlty: 
the  lower  the  humidity,  the  more  rapidly  DDT  loses  Its  Injectlcldal 
properties  and  conversely  (L.  V.  Yaguzhlnskaya) .  On  cement  DDT 
effectiveness  Is  preserved  up  to  6  months. 

The  treating  of  surfaces  with  DDT  preparations  causes  death  to 
Insects  coming  in  contact  with  these  surfaces.  In  such  cases  It 
is  not  always  possible  to  Indicate  that  the  poisoning  of  the  Insects 
occurs  only  through  the  extremities,  since  frequently  the  Insects 
also  touch  the  substrate  with  their  abdomen  and  oral  parts.  For 
mosquitoes,  especially  the  Anopheles,  the  toxic  effect  of  DDT  applied 
to  the  substrate,  in  view  of  the  peculiarities  of  the  lending  process 
of  these  insects  occurs,  probably,  only  through  the  extremities. 


The  dispersion  of  DDT  in  a  reservoir  Influences  It-  effectiveness 
on  it  was  possible  to  determ: ne  that,  besides  the  tendency  to  evaporate, 
DDT  also  manifests  the  following:  It  Is  somewhat  hydrophobic,  and 
it  concentrates  In  the  upper  layers  of  the  water,  and  also  on  the 
sides  and  bottom  of  the  reservoir.  Two  minutes  after  application 
of  one  part  of  DDT  per  JOO  mlllloi.'  parts  of  water  1/3  of  the  DDT 
courses  toward  the  walls  and  the  bottom  of  the  container  regardless 
of  whether  they  are  made  out  of  paper,  glass,  or  aluminum;  after 
24  heurs  more  than  half  of  the  DDT  has  ev^porated  from  the  reservoir. 
When  topically  applied  LD-50  for  mosquitoes  Is  0.015  wg/lnsect, 
for  flies  0.22  wg/lnsect. 
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The  preparation  in  crystalline  form  possesses  higher  insectici¬ 
dal  properties  than  In  the  amorphous  state.  Crystals  with  a  size 
of  approximately  400  u  of  needle-shaped  form  possess  higher  insectici¬ 
dal  properties  than  the  crystals  of  the  other  forms;  as  the  width 
of  the  crystals  Increase  the  effectiveness  of  the  preparation 
deex-eases.  A  study  of  insecticidal  properties  of  DDT  depending  on 
crystal  forro  with  respect  to  the  rust-red  flour  beetle  (Tribollum 
castaheum)  showed  that  a  suspension  consisting  of  needle-shaped 
crystals  is  considerably  more  effective  than  a  suspension  consisting 
of  plane  crystals.  With  the  brief  contact  (by  submersion)  of  the 
insect  DDT  is  less  effective  in  colloid  form  than  in  the  suspension 
form  containing  suspended  crystals.  A  study  of  insecticidal  properties 
of  DDT  in  emulsion  form  at  20-30®  (in  the  case  of  contact  with  the 
insect)  and  in  suspension  form  showed  that  a  suspension  containing 
crystals  of  a  size  up  to  400  u  is  more  effective  than  an  emulsion. 

The  application  of  ultraviolet  rays  leads  to  a  lowering  of  the 
effectiveness  of  DDT. 

When  the  preparation  is  introduced  under  the  integuments  of 
insects  differences  in  the  toxicity  of  DDT  in  the  crystal  and  colloidal 
state  are  not  noted.  Thus,  for  example,  injections  of  the  common 
milkweed  bug  (Oncopeltus  fasciatus)  with  crystalline  and  colloidal 
suspensions  showed  equal  toxicity  at  27®.  When  insects  are  cooled 
(10*)  the  colloidal  suspension  acts  more  rapidly  (the  advent  of 
paralysis)  than  the  crystalline  one;  however,  death  arrived  for  both 
in  about  the  same  period  cf  time,  after  10  days  of  observation  at 
that  same  temperature. 

The  amount  of  the  preparation  penetrating  into  the  insect 
organism,  and  also  its  accumulation  depend  to  a  considerable  degree 
on  the  application  site.  The  preparations  penetrate  with  greater 
facility  where  the  insect  cuticle  is  the  thinnest;  this  is  also 
connected  the  proximity  and  the  number  of  sensitive  nerves.  The 
amount  of  preparation  penetrating  through  the  cuticle,  depends  not 
only  on  the  site  of  its  application,  but  also  on  the  area  of  contact. 
Increasing  the  area  of  treated  surface  of  the  insect  body  intensifies 
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DDT  penetration.  The  passage  of  the  latter  through  the  Integument 
debilitates  by  disturbing  the  normal  activity  of  the  Insect.  The 
applied  preparation  Into  the  Insect  organism  as  long  as  its  concen¬ 
tration  on  the  surface  Is  higher  than  that  j.nside  the  organism. 


According  to  P.  G.  Kalmykov,  one  minute  after  the  application  of 
DDT  tagged  with  radioactive  carbon  to  Protoformla  terrae  novae  flies 
there  was  recorded  In  the  chltinous  integument  of  the  Insects  (10 
individuals)  68  Impulses  per  minute;  after  10  minutes  —  72,  after 
30  minutes  —  80,  after  an  hour  —  88,  after  10  hours  —  92,  and  after 
twenty-four  hours  —  1^^  impulses  per  minute. 


The  diffusion  and  ;he  accumulation  of  DDT  In  the  epicuticle  have  ■ 
great  significance.  Most  frequently  the  insecticide  penetrates  through  I 
the  lower  parts  of  tha  tarsi  of  the  insect.  The  contact  of  the  I 
tarsi  of  the  house  fly  with  residual  deposits  for  2  seconds  leads  to  I 
poisoning.  I 


The  penetration  of  DDT  through  insect  integuments  is  favored  by 
the  fact  that  DDT  abso-ption  is  a  specific  peculiarity  of  chltin. 

The  intensity  of  penetration  increases  with  the  increase  of  the  amount 
and  the  concentration  of  DDT  solution  on  the  surface.  The  amount 
of  DDT  adsorption  is  usually  in  conformity  with  the  sensitivity 
of  the  insect  species  and  it  also  depends  on  the  temperature.  When 
the  DDT  on  the  surface  of  an  object  has  reached  a  specific  limit 
increasing  the  preparation  dose  does  not  increase  the  intensity  of 
its  penetration  into  the  insect  organism  when  the  latter  is  in 
contact  with  that  object. 


After  DDT  tagged  with  radioactive  carbon  has  been  applied  to 
the  labella  of  an  insect  there  occurs  rapid  absorption  and  distribution 
of  it  throughout  the  organism  via  the  heroolymph  (although  the  hemo lymph 
Itself  does  not  accumulate  DDT).  In  the  American  cockroach  24  hours 
after  the  application  of  4o  ug  of  DDT  preparation  95%  of  the 
preparation  is  distributed  throughout  the  whole  body.  After  24  more 
hours  approximately  75%  of  the  DDT  has  been  converted  into  the 
metabolite  DDE  and  has  been  eliminated  from  the  organism  with  the 
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excretions.  Thus,  from  the  site  of  application  the  preparation  is 
distributed  throughout  the  whole  organism  and  this  distribution 
continues  right  up  to  the  death  of  the  insect.  To  kill  an  insect 
sometimes  the  absorption  and  distribution  throughout  the  organism  oi’ 
a  total  of  10-201  of  the  applied  dose  Is  sufficient . 

The  accumulation  and  the  degree  of  toxicity  of  DDT  depend  on 
the  site  of  application  of  the  preparation.  The  DDT  also  easily 
penetrates  into  the  insect  organism  from  the  gastrointestinal 
tract.  The  DDT  -  an  effective  Intestinal  poison  for  many  insect 
pests  of  agriculture.  Bait  containing  \%  sugar  or  molasses  and  1% 

DDT,  ensures  In  30  minutes  the  death  of  30^  of  the  flies,  in  an  hour 
401,  and  in  24  hours  981  of  the  flies.  Various  species  of  flies 
differ  in  their  sensitivity  to  DDT.  Thus,  the  toxicity  of  DDT  to 
flies  to  a  considerable  extent  depends  on  their  species. 

With  respect  to  its  activity  rate  among  insectirides  DDT  occupies 
an  intermediate  position.  Thus,  for  example,  if  the  rate  of  action 
of  DDT  on  mosquito  larvae,  Culex  plplens  pallens,  is  taken  as  unity 
(LDjq),  then  for  the  pyrethrins  it  will  be  27.2,  allethrin  -  20.5, 
dinetrol  -  8.63,  lindane  -  4.69,  barthrin  -  4.61,  Sevin  -  4.4, 

LTEPP]  (T8n$)  -  2.88,  nicotine  -  2.85,  [DDVP]  (JIHB®)  -  1.73, 
metaphos  -  1.14,  malathlon  -  1.1,  Dlazinon  -  0.8,  [EPN]  (EIIH)  -  0.71, 
sumathlon  -  0.7,  endrln  -  0.68,  dielclrin  -  0.5,  Dipterex  -  0.51, 
parathlon  -  0,48,  rotenone  -  0.21,  aldrin  -  0.21.  The  symptoms  of 
insect  poisoning  are  expressed  in  the  f-.llowlng  order  of  their 
sequential  appearance:  1)  increased  stnbitivity  of  the  feet 
(pedicels),  difficulty  in  maintaining  normal  insect  position;  2) 
increased  intensity  in  the  tremors  of  the  head,  body,  and  appendages; 

3)  ataxia  (disturbance  of  motor  coordination),  hyperreflection; 

4)  inability  to  maintain  vertical  position  on  the  legs,  inability 

to  regain  standing  position  when  placed  on  the  back;  5)  disappearance 
of  overall  tremors,  isolated  residual  movement,  for  example,  of  the 
mouth  parts;  6)  when  placed  on  the  back  continuous  movement  of  the 
legs,  high  frequency  tremors  with  overlapping  slow  flexion  and 
extension  of  the  legs;  7)  before  death  general  paralysis  appears,  only 
the  heartbeat  is  preserved. 
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The  typical  symptoms  of  DDT  poisoning  indicate  that  this 
preparation  acts  on  the  neuromuscular  system.  The  evidence  of  the 
existence  of  precisely  this  character  of  DDT  action  on  the  Insects 
is  seen  in  a  number  of  symptoms  when  insects  are  poisoned  with  this 
preparation.  Thus,  for  example,  when  the  tarsi  of  flies  are  wet 
with  a  DDT  solution  there  is  observed  the  propagation  of  the  action 
of  the  poison,  which  is  expressed  in  tremors  of  the  legs;  the 
latter  appears  at  first  on  the  poisoned  extremity,  then  on  the 
paired  torsus  on  the  opposite  side  of  the  body.  Subsequently,  the 
symptoms  of  DDT  poisoning  appear  on  the  other  tarsi,  then  on  the 
mouth  parts,  and,  finally,  complete  paralysis  of  the  Insect  occurs. 

In  butterflies  poisoned  with  DDT  there  was  observed  autotomy  of  legs, 
i.e.,  the  poisoned  extremities  are  rejected  by  an  arbitrary  act  of 
the  Insect.  The  autotomy  of  the  legs  occurs  in  a  definite  order, 
spreading  from  the  poisoned  extremities  to  others. 

The  neurocldal  action  of  DDT  is  also  substantiated  by  the  fact 
tv-at  autotomlzed  or  several  extremity  of  the  insect,  first  poisoned 
by  the  preparation,  continues  to  manifest  typical  tremors  and  spasms 
for  several  hours  after  its  detachment  from  the  body.  In  exactly 
the  same  way  an  amputated  extremity  of  a  healthy  fly,  being  moistened 
by  a  DDT  solution  (in  paraffin  or  acetone)  at  the  site  of  amputation, 
reacts  with  typical  tremors  and  spasms.  The  nervous  nature  of  these 
phenomena  is  also  confirmed  by  the  fact  that  the  tremor  and  spasms 
of  the  Insect  extremity  poisoned  with  DDT,  can  be  halted  by  narcosis, 
for  example  by  ether  and  chloroform  vapors  or  by  smearing  the  amputated 
extremity  with  atropine. 

The  DDT  has  a  strong  effect  on  the  peripheral  nerves  and  on 
nervous  ganglions  in  the  late  stages  of  poisoning.  The  removal  of 
the  mesothoroclc  ganglion,  the  removal  of  the  lateral  nerves  of 
the  extremities,  and  the  application  of  nicotine  to  the  mesothorocip 
ganglion  sharply  decrease  the  typical  symptoms  of  hyperreactivity 
in  the  extremities  of  a  Drosophila  fly. 

The  administration  of  phenobarbiturates  before  applying  DDT 
prevents  the  appearance  of  symptoms  of  DDT  poisoning.  With  the  use 
of  large  doses  of  the  preparation  it  has  a  direct  Influence  on  the 
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fibers  of  the  nervous  system.  The  direct  action  on  the  neural- 
muscular  Junctions  Is  proved  by  the  response  reactions  of  the 
amputated  extremities.  The  Injection  of  DDT  at  a  rate  of  0.01  mg/i 
into  the  haunch  of  the  American  cockroach  causes  acute,  frequently 
recurrent  tremors  (approximately  iOO-MOO  movements  per  second). 

When  the  DDT  doses  are  Increased  the  insect  manifests  increased 
excitability  and  death  appears  in  the  end  from  exhaustion  and  the 
severe  loss  of  moisture.  Anatomical  and  hystological  changes  in  the 
Insects  as  a  result  of  the  effect  of  DDT  were  not  observed. 

In  spite  of  the  characteristic  pattern  of  DDT  action  on  the 
nervous  system  of  Insects,  there  were  no  direct  proofs  of  the  neurocldal 
effect  of  DDT.  For  specific  nerve  poisons  the  disturbance  of  the 
structures  and  functions  of  nerve  tissue  is  characteristic,  whereas 
no  characteristic  morphological  changes  in  the  nervous  system  of 
insects,  from  DDT  poisoning  could  be  found. 

V.  I.  Zakolodkin  ascertained  certain  morphological  changes  in  the 
wing  muscle  of  the  house  fly  and  histochemlcal  changes  in  the  nerve 
ganglia.  According  to  I.  S.  Yakobson,  after  the  effect  of  DDT 
individual  dark  disks  disappear,  in  the  muscle  fibers  there  is 
observed  a  fusion  of  the  nuclear  chromatin  into  coarse  clumps  and 
the  coalescence  of  fibrin  of  the  muscle  fibers  into  bands.  In  lice 
poisoned  with  DDT  almost  all  tissues  are  injuied,  with  the  exception 

* 

of  the  transversostriated  musculature. 

.  > 

The  DDT  stimulates  insect  respiration.  The  degree  of  increase 
and  decrease  in  the  Intensity  of  respiration  depends  on  the  amount  of 
prepaT'atlon  applied.  In  flies  resistant  to  the  preparation  the 
Intensification  of  respiration  is  considerably  weaker  than  in  sensitive 
flies.  The  DDT  has  an  irritating  effect  on  mosquitoes,  therefore 
after  their  blood-sucking  they  tend  to  leave  a  site  treated  with  this 
preparation. 

In  cockroaches  24  hours  after  the  administration  of  DDT  tagged 
with  radiocarbon,  the  radioactivity  concentrated  in  the  application 
sites  on  in  foregut  and  hlndgut,  the  fat  of  the  Insect  and  the  malplghlan 
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vessels.  After  Injecting  DDT  Into  the  blood  stream  it  was  detected 
In  the  digestive  tract,  the  gonads,  fat,  malpighian  vessels,  pectoral 
muscles  It  Is  found  In  larger  quantities  than  In  the  remaining 
tissues.  The  greatest  amount  of  DDT  was  ascertained  in  the  fat  of 
the  Insect. 

In  house  flies  DDT  metabolized  into  DDE,  but  detoxification 
occurs  rather  slowly. 

Among  the  secondary  phenomena  connected  with  the  action  of 
DDT  it  Is  necessary  to  place  the  sharp  Incfrease  in  the  Intensity 
of  metabolism  appearing  in  the  period  of  Intense  motor  activity 
of  the  insect  and  also  the  water  loss;  at  the  same  time  the 
reserve  carbohydrates  are  expended,  resulting  in  the  exhaustion  of 
the  organism  to  the  same  degree,  as  is  normally  observed  in  starvation. 
The  death  of  the  insect  is  the  result  of  the  totality  of  significant 
disturbances  in  metabolism. 

The  DDT  inhibits  the  activity  of  a  number  of  enzymes,  and  it 
also  affects  the  iron-containing  cyctochrome  system,  which  is  instru¬ 
mental  in  the  aerobic  respiration  of  the  tissue  cells;  it  also 
inhibits  the  action  of  anhydrose,  esterose,  and  chollnesterose .  In 
its  ability  to  oppress  tissue  respiration  DDT  has  features  in  common 
with  prussic  acid. 

As  a  result  of  prolonged  contact  with  DDT  flies  appear  to  be 
producing  special  enzymes  (dehydrochlorlnase) ,  which  decompose 
DDT  and  its  analogs.  For  the  purpose  of  increasing  the  effect  of 
DDT  on  resistant  Insects  a  number  of  preparatlons-synergests 
have  been  proposed,  addition  of  which  considerably  Increases  DDT 
effectiveness.  Among  these  preparations  there  belong  pepronyl 
cyclone,  piperonyl  butaxide,  the  dialkyamldes  (R)  n-chlorobenzene 
sulfo  acid,  where  R  is  n-alkyl  group  containing  from  2  to  7 
carbon  atoms.  The  compounds  1,  l-bls-(n-chlorophenyl)-ehtanol 
[DMS]  (^IMC),  4-chlorobenzene  sulfo-4-chloroanillde  and  4-chlorobenzene 
sulfanlllde,  N,  N-dlbutyl-n-chlorobenzene  sulfamlde  [DA]  (jU)  are 
also  synergists;  in  combination  with  them  DDT  effectiveness  Increases 
by  2-3  times  with  resistant  flies. 


Th,6  DDT  preparation'  ccnialnlng  synergists,  are  highly  effective 
In  controlling  not  only  sensitive,  but  also  resistant  insects.  The 
presence  of  plperonyl  cyclonene  In  DDT  preparations  lowers  the  excretion 
rate  of  DDT  metabolites.  In  the  presence  of  synergists  certain  low- 
activity  DDT  analogs  become  more  effective  than  DDT  with  respect 
to  resistant  strains  of  flies.  Individual  compounds  belonging  to  the 
synergist  group  inhibit  in  vitro  the  action  of  dehydrochlorinose 
of  DDT  resistant  strains  of  insects  on  DDT  (A.  M.  Klechetova, 

M.  N.  Titova,  and  others).  Thus,  for  example,  when  dl (n-chlorophenyl) 
methylcarblnal  (DMC)  is  added  to  DDT  the  insecticidal  properties  of 
the  latter  increase  to  such  a  degree  that  it  also  becomes  effective 
when  used  to  control  resistant  flies.  This  is  explained  by  the  fact 
that  DMC  oppresses  dehydrochlorinose;  the  latter  has  been  confirmed 
by  experimental  data. 

The  insecticidal  properties  of  a  mixture  of  DDT  with  hexachlorane 
or  with  chlorophos  are  considerably  higher  than  each  of  these 
preparations  used  separately. 

As  a  result  of  prolonged  and  systematic  application  of  DDT 
approximately  137  different  species  of  insects  have  acquired  resistance 
to  this  compound.  Including  human  parasites,  pests  in  his  dwellings, 
and  also  mites  —  carriers  of  causal  organisms  of  infectious 
diseases.  The  degree  of  resistance  depends  on  how  frequently  and 
how  long  DDT  is  applied  to  control  these  species  of  insects.  The 
greatest  resistance  has  been  acquired  ty  house  flies. 

Under  laboratory  conditions  resistant  strains  can  be  obtained 
the  sensitivity  of  which  to  the  preparation  is  100-1000  times  lower 
than  the  sensitivity  of  the  common  of  house  flies,  mosquitoes,  bugs, 
and  other  insects  (V.  I.  Vashkov,  T.  V.  Yerofeyeva,  M.  L.  Fedder). 

Under  natural  conditions  resistance  develops  considerably  more 
slowly  and  it  is  not  so  high  as  that  obtained  under  laboratory 
conditions.  Strains  of  flies  resistant  to  DDT  are  also  resistant 
to  Its  analogs.  Furthermore,  they  are  also  somewhat  more  resistant 
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than  common  strains  to  other  Insecticides,  also  including  organo- 
phosphorus  compounds. 

> 

A  special  role  in  the  development  of  resistance  to  DDT  is 
played  by  the  enzyme  systems  arising  in  Insects  (the  DDT-enzyme  — 
dehydrochlorlnose ) ,  under  the  effect  of  which  there  occurs  the 
cleavage  of  hydrochloric  acid  from  the  DDT  molecule  with  the  formation 
of  nontoxic  ethylene  derivative  DDE.  This  is  the  basic  pathway  for 
the  detoxification  of  DDT. 

Soviet  and  foreign  authors  have  shown  that  increasing  the  ambient 
temperature  has  a  positive  effect  on  insects  poisoned  by  DDT.  With 
an  Increase  in  temperature  the  metabolism  of  insects  Increases, 
and  absorption  decreases;  thus,  when  the  temperature  is  high  the 
possibility  of  Insect  survival  is  increased.  The  switching  of  the 
insect  from  heat  to  cold  causes  the  return  of  the  symptoms  of 
poisoning.  This  phenomenon  is  characteristic  for  both  sensitive, 
and  also  for  resistant  individuals.  With  respect  to  mosquito 
larvae  the  temperature  coefficient  is  positive.  In  the  opinion  of 
^  L.  V.  Yaguzhinskly ,  increasing  the  temperature  stimulates  in  sensitive 
individuals  the  same  mechanisms,  which  in  resistant  individuals 
are  innately  highly  developed  and  which  accomplish  their  mission 
under  ordinary  temperature  conditions  (with  a  temperature  Increase 
the  insecticidal  propertie^s  of  DDT  decrease). 

Thermophilic  dlptera  possess  the  ability  to  develop  resistance 
at  high  temperatures,  whereas  in  psychrophillc  forms  a  temperature 
Increase  in  practice  does  not  bring  about  an  Increase  in  resistance. 
There  also  exist  data  about  the  fact  that  fish,  in  I’eservolrs 
completely  surrounded  by  cotton  fields  treated  with  DDT  to  control 
mosquitoes  or  their  larvae,  become  2-^  times  more  resistant  to  DDT 
than  fish  not  subjected  to  the  effect  of  preparation. 

The  DDT  toxicity  to  birds.  The  DDT  is  highly  toxic  to  chickens. 
Thus,  for  example,  when  they  are  fed  feed  containing  1000  mg  of  DDT 
per  1  kg  they  die  in  3-10  days;  chicks  receiving  *10  mg  of  preparation 
per  kg  with  their  feed  died  in  4-l6  days.  The  hatching  rate  of  eggs 
I  laid  by  hens  fed  with  feed  containing  0.02S  DDT  and  the  viability  of 
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their  chicks  are  reduced.  The  mortality  rate  of  birds  becomes 
marked^  when  the  amount  of  the  preparation  reaches  approximately 
30-35  mg/kg.  When  birds  are  fed  until  their  appetites  are  completely 
satiated  with  insects  killed  by  DDT  iby  dusting),  a  considerable 
portion  of  the  birds  die. 

Quail  are  very  sensitive  to  DDT;  v'ith  the  use  of  feed  .'Ith 
0,025% t  50%  of  the  birds  die.  After  consuming  feed  with  an  analogous 
content  of  the  preparation  intoxication  in  ducks  is  observed. 

In  dusting  a  thick  forest  with  DDT  at  a  rate  of  1360  g/ha 
anqphlbians  die  in  reaorvolrs,  but  the  number  of  birds  remains  unchanged 
Dusting  a  forest  with  a  dose  rate  of  2.75  kg/ha  also  does  not  affect 
the  number  of  birds.  When  5  kg/ha  is  employed  the  number  of  birds 
diminishes.  After  five  applications  of  DDT  at  a  dose  rate  of 
2  kg/ha  a  decrease  of  approximately  26$  of  the  wild  birds  is  noted 
in  the  treated  area. 

The  dusting  of  a  forest  with  DDT  disinfecting  powder  at  a  dose 
rate  of  1  kg/ha  causes  death  to  birds  feeding  on  the  buds  of  spruce 
trees,  containing  worms;  the  number  of  insects  in  such  a  forest 
decreases  by  approximately  25-50$. 

The  DDT  can  be  detected  in  the  organisms  of  many  wild  birds. 

The  DDT  toxicity  to  fish.  Experiments  under  natural  conditions 
have  shown  that  this  preparation  is  very  toxic  not  only  to  insects, 
but  also  to  fish.  The  danger  in  proportional  to  the  dose,  individual 
sensitivity  and  the  presence  of  vegetation.  The  toxicity  varies  depend 
Ing  on  the  species  and  age  of  fish. 

The  DDT  is  detected  in  the  fat  of  fish  living  far  out  in  the 
sea.  The  concentrations  of  the  preparation  in  fish  fat  vary  from 
one  to  300  parts  per  million. 

It  is  characterlst (..iat  in  one  lake  in  Californlct  (USA), 
the  water  of  which  contained  0.2  parts  of  DDT  [2,  1-bi?  (n-chloro- 
phenyD-l,  l-dlchlorethane]  per  million  parts  of  water,  plankton 
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grew  with  a  content  of  5  parts  of  this  insecticide  per  million  parts, 
and  fish  feeding  on  this  plankton  yielded  fat  containing  hundreds 
and  thousands  of  parts  of  DDT  per  nillllon.  Great  created  grebes 
feeding  on  these  fish  died  although  their  fat  contained  somewhat  less 
residual  amounts  of  the  insecticide  than  in  the  fish  fat. 


An  experimental  study  of  the  effect  of  various  insecticides  on 
the  fish,  Micropterus  dolomlen,  when  they  were  orally  administered 
food  containing  large  quantities  of  DDT  in  capsules  at  a  dose  rate 
of  50,  100,  and  200  mg/kg,  showed  that  these  amounts  are  fatal  to 
these  fish;  they  all  died  within  24-29  hours.  The  dusting  of  ponds 
with  wettable  DDT  powders  at  a  rate  of  0.04;  0.065;  0.1  mg/t  (0.37;  J.S 
and  1  kg/ha)  caused  the  complete  destruction  of  the  fish,  Mlcropterus 
dolomien  and  M.  salmoldes. 


The  spraying  of  DDT  solutions  in  oil  at  a  rate  of  0.08  and  0.09 
mg/£  (approximately  0.5  kg/ha)  led  to  the  complete  destruction  of 
the  fish.  When  the  concentration  was  decreased  to  0.07  rag/t  (0.5  kg/ha) 
destruction  of  87-88.5$  of  the  fish  was  observed.  In  all  cases  81.5- 
95$  of  the  control  individuals  survived.  After  the  dusting  of  a 
reservoir  the  fish  start  dying  on  the  first  day  and  continue  to  die 
for  about  a  month. 


According  to  Premdas,  when  DDT  is  added  to  a  reservoir  in  an 
amount  of  1  mg/£,  5.87  mg/kg  is  detected  in  dead  saLnon.  The  greatest 
amounts  of  PDT  are  found  in  the  gills,  liver,  spleen,  heart,  kidneys, 
sex  glands,  and  the  swim  bladder.  The  author  considers  that  the 
DDT  gets  into  the  organism  mainly  through  the  gills,  and  then  is 
transported  by  the  circulatory  system.  However,  a  certain  part  of 
the  preparation  enters  through  the  Integuments.  Biological  tests  on 
mosquito  larvae  showed  that  ( ^$  of  the  absorbed  DDT  was  converted 
into  a  nontoxic  compound. 


In  the  case  when  the  quantity  of  preparation  applied  causes  the 
death  of  70-80$  of  the  insects  in  the  reservoir,  there  is  observed 
a  considerable  destruction  of  fish  (for  example,  trout)  as  a  result 
of  their  eating  these  Insects.  Great  destruction  of  fish  in  lakes 
is  also  noted  not  only  from  direct  dusting  of  the  reservoirs,  but 
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also  from  the  preparation  being  carried  by  the  wind. 

The  DDT  dusting  (2  kg/ha)  of  deep  swamps  leads  to  the  destruction 
0f  certain  species  of  crustaceans  in  them,  and  only  Individual  snails 
and  bivalve  mussels  survjve. 

The  DDT  toxicity  to  warm-blooded  animals.  When  working  with 
DDT  its  aerosols,  solutions,  emulsions  and  suspensions  penetrate 
Into  the  animal  and  human  organism  in  three  ways:  through  the  skin, 
lungs,  and  intestines.  The  rate  of  the  passage  of  DDT  through  the 
intestines  is  affected  by  the  presence  of  fat  in  the  food  consumed. 

A  toxic  dose  for  animals,  when  administered  orflly,  or  the 
avertige  of  250  mg/kg.  When  the  effect  is  prolonged  the  n.^nlmum 
lethal  Jose  [MLD]  (M/UI)  is  equal  to  100  mg/kg.  In  comparison  with 
other  Insecticides  DDT  occupies  an  Intermediate  position.  Thus, 
for  exanqple,  for  rats  on  LD^q  of  DDT  Is  equal  2500  mg/kg,  methocyclor  - 
5000  mg/kg,  the  gamma-isomer  -  125  mg/kg,  chlordane  -  250  mg/kg, 
toxaphene  -  60  mg/kg,  nicotine  —  10-60  mg/kg.  The  toxicity  depends 
on  the  species  and  the  state  of  the  animal. 

A  study  on  dogs  showed  that  a  2.5-5  mg/kg  dose  of  DDT  administered 
orally  ^  times  a  day  for  7  weeks  causes  mild  Intoxication.  The 
administration  of  50-80  rag/kg  in  corn  oil  causes  the  animal  to  die. 

When  10<  DDT  disinfecting  powder  was  sprayed  Into  the  air  at  a  rate 
of  12. 4A  mg/£  for  3  hours  dally  over  a  period  of  ^  weeks,  no  toxic 
synqptoms  were  noted  (A.  N.  Alekseyev,  S.  A.  Kukavskaya,  Ye.  P. 

Krasnyuk ) . 

The  dally  oral  administration  of  0.2  mg/kg  of  DDT  to  cats  over 
a  period  of  a  year  does  not  carse  toxic  symptoms;  a  dose  of  0.5  mg/kg 
is  toxic.  The  milk  of  a  cat,  which  has  rep«.'atedly  received  DDT  at 
a  dose  rate  of  0.2  mg  per  kg,  is  toxic  for  kittens,  which  die  within 

2r3  weeks. 

Four-ten  inhalations  of  air  containing  100  mg/i  of  DDT  leads 
to  the  death  of  the  animals  within  A-IO  days.  The  spraying  of  DDT 
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solutions  In  oil  at  a  dose  rate  of  0.5  g/m  causes  the  death  of  the 
animals  after  30-mlnute  stay  In  a  chamber  treated  In  such  a  manner. 

Aerosols  obtained  by  burning  paper  containing  DDT  at  a  dose 
rate  of  0.12  g  of  pure  preparation  per  m  of  air  (the  concentration 
recommended  for  practical  application)  do  not  cause  death  among  animals 
even  with  100-  and  il0-fold  applications.  Aerosols  with  a  concentration 
of  0.5  g  of  pure  DDT  per  m^  of  air  after  19  applications  cause  the 
death  of  5235  of  mice  (V.  I.  Vashkov  and  N.  A.  Sazonova). 

■5 

With  the  spraying  of  o.-<l  solutions  (0.2  g/m  of  air)  after  22 
treatments  death  is  observed  In  5635  of  tr.e  mice;  death  was  not 
observed  among  rabbits.  The  ame  concentration 3  of  aerosols  applied 
under  field  conditions  caused  the  death  of  mice  and  individual 
complaints  from  people  who  had  gotten  into  the  aerosol  billow 
(S.  G.  Ped'ko). 

The  spraying  of  10^  DDT  disinfecting  powder  with  a  concentration 
of  6  g  of  pure  DDT  per  m  of  air  does  not  cause  toxic  symptoms  in 
rabbits  after  10  treatments  over  a  period  10  days;  treatment  with 
the  same  concentration  11  times  per  day  over  a  period  of  10  days 
causes  a  severe  condition  and  even  death  in  rabbits. 

When  up  to  100  mg/kg  of  DDT  is  administered  In  food  to  rats 
(during  prolonged  feeding)  mild  symptoms  of  poisoning  were  noted; 
increasing  the  amount  of  preparation  up  to  400-800  mg/kg  had  a  severe 
effect  on  the  central  nervous  system,  which  manifested  Itself 
in  the  form  of  tremors.  When  food  is  used,  which  contains  1000  mgAg, 
toxic  symptoms  appear  after  6-13  days,  and  death  ensues  within  l4-l8 
days.  Food  containing  25  mg/kg  and  administered  to  .ats  over  a  period 
of  2  years  did  not  increase  the  death  rate  among  them  \n  comparison 
to  control  rats. 

Mice  are  more  sensitive  to  DDT  than  rats;  thus,  for  example,  the 
administering  to  them  of  a  preparation  containing  125  mg/kg  and  higher 
along  with  their  food  causes  them  to  die  within  1-6  dayn. 


No  carcinogenic  effect  was  noted  during  the  prolonged  action  of 
DDT  0,1  the  skin  of  mice  of  a  well  studied  strain. 

When  guinea  pigs  were  administered  food  containing  1000  mg/kg 
of  DDT  for  a  long  period  of  time  their  death  is  observed  after  8-10 
exposures. 

The  dally  rubbing  Into  the  skin  of  1,  2,  3  mZ/kg  of  30$  DDT 
solution  in  denethyl  phthalates  results  In  the  death  of  rabbits, 
and  when  the  amount  Is  decreased  to  0.5  ml /kg  it  causes  symptoms 
of  poisoning;  the  rubbing  In  of  0.25  ml  per  kg  of  weight  over  a 
per.lod  of  13  v/eeks  is  not  fatal.  With  the  application  of  a  10$ 

DDT  solution  in  kerosene  at  a  rate  of  ICO  mg/kg  death  of  the  animals 
is  noted  after  6  days.  The  application  of  pure  DDT  or  5$  disinfecting 
powder  to  the  skin  for  a  period  of  2  hours  at  a  quantity  of  15  mg/kg 
does  not  cause  illness. 

Dally  oral  administration  of  100  mg/kg  of  DDT  for  a  period  of  a 
week  to  cows,  horses,  sheep,  and  then  of  150  mg/kg  during  the  2nd 
week  and  200  mg/kg  during  the  3rd  week  causes  symptoms  of  sickness  in 
the  animals,  especially  in  the  cows.  In  certain  animals  poisoning 
appears  as  a  disorder  of  the  central  nervous  system,  and  symptoms 
of  Illness  are  not  noted  in  horses  and  sheep  eating  this  feed. 

After  the  oral  administration  of  DDT  in  oil  the  latter  is 
detected  in  the  blood  man  hour  and  reaches  its  maximum  in  6-8 
nours;  the  preparation  circulates  in  it  for  14-16  days.  The  DDT 
can  be  detected  for  14-20  days  in  all  the  organs,  especially  in  the 
brain.  Kidneys,  the  tongue  muscle,  and  the  rectum.  The  formation 
of  n,  n '-dichlorodiphenyl  acetic  acid  (a  product  of  the  decomposition 
of  DDT)  has  been  ascertained  in  the  organism  of  man  and  the  rabbit. 

When  DDT  gets  into  animal  organisms  with  feed  the  preparation  is 
discharged  with  excrement,  urine,  and  milk.  In  individual  milk 
sarqples  the  amount  of  DDT  or  its  related  compounds  (methoxychlor) 
oo^rlsed  0.00015$.  Most  frequently  the  source  of  milk  contamination 
comes  from  the  fodder,  the  treating  of  cows  to  control  mites  and 
gadflies  and  the  treating  of  dairy  barns  and  other  premises. 
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Milk  contamination  is  of  especially  great  importance  for 
humans,  who  use  the  milk  from  these  cows  in  their  food.  As  is 
known,  milk  and  Its  by-products  al'e  consumed  by  people  in  large 
quantities  and  makes  up  approximately  25$  of  their  total  diet  in 
many  countries.  When  milk  is  being  processed  large  'lantitles  of 
DDT  and  hexachlorane  are  detected  in  butter,  sour  cream,,  and  cheese. 

/  ' 

In  human  urine  after  poisoning  with  DDT  there  has  been  detected 
75$  unaltered  preparation  and  25$  h,  n'-dichlorodyphenyl  acetic  acid. 
After  -II  rng/kg  of  DDT  has  been  taken  internally  the  greatest  amount 
Is  noted  to  be  excreted  with  the  urine  on  the  2nd  day  with  a 
gradual  decrease  durl  ig  the  ensuing  10  days.  The  preparation  is 
not  retained  by  the  kidneys. 

The  administration  to  volunteers  of  3. 5-5. 5  mg  of  DDT  per 
person  over  a  period  of  18,  months  (in  the  USA)  did  not  cause  any 
symptoms.  The  DDT  level  in  the  fat  was  raised  above  270  mg/kg  in 
people  receiving  the  highest  doses  (Hayes  and  others),  which  exceeds 
by  20  times  the  average  level  of  the  DDT  contents  in  the  organism  of 
adults  in  the  '.3A. 

The  DDT  In  the  animal  and  human  organism  is  converted  into  DDE 
(dichlorodiphenylethylene ) ,  a  compound  nontoxic  to  them. 

In  a  disinfector,  who  mixed  DDT  with  talc  and  petrolatum  in 
a  hot  room  two  times  a  week  with  unprotected  hands,  there  were  observed 
during  the  first  week  Intestinal  disorders,  loss  ot  appetite, 
mild  diarrhea,  dizziness,  numbness  in  the  fingers  and  toes  (in 

t 

certain  cases  dermatitis  and  eczema  are  observed).  During  the 
first  2  weeks  in  the  disinfector  symptoms  of  gastritis  and  disturbance 
of  the  liver  function  continued  to  become  intensified;  herpes  on 
the  lips  and  spots  on  the  chest  appeared;  numbness  of  the  extremities 
and  muscular  debility  continued  to  become  intensified.  In  the  course 
of  the  subsequent  3  weeks  neuralgic  symptoms  became  even  more 
noticeable;  the  man  could  not  move  without  assistance. 

In  all  cases  of  acute  DDT  poisoning  the  same  symptoms  are 
observed:  early  nausea  and  vomiting  are  usual  in  these  cases;  headache. 


debility,  dizz1ne.';>,  torpor,  paresthesia,  loss  of  motor  coordination 
and  tremor  after  several  hours.  All  these  symptoms  can  last  for 
several  days  and  complete  recovery  takes  a  long  time. 

Spasms  appear  in  people  with  the  administration  of  16  mg/kg; 
small  doses  may  cause  vomiting.  Death  ensues  from  a  dose  of  approxi¬ 
mately  285  mg/kg.  It  is  difficult  to  state  an  exact  and  precise 
toxic  dose,  because  it  depends  on  age,  how  well  nourished  the 
man  is,  individual  sensitivity  and  on  the  method  of  administering 
the  DDT. 

It  is  known  that  after  an  oral  dose  of  ^jOO  mg/kg  the  death  of 
the  man  ensues  in  2-24  hours.  A  lethal  dose  of  DDT  dissolved  in 
kerosene  is  approximately  150  mg/kg. 

There  is  no  danger  to  people  from  a  city  water  supply  where  the 
city  water  line  takes  water  from  reservoirs  treated  at  a  rate  of 
0. 2-2.5  kg/ha,  because  with  normal  water  treatment  the  greater  part 
of  the  preparation  (0.1-10  mg/n)  is  removed. 

In  mice,  which  have  exclusively  received  water  containing 
10  mg/il  of  DDT  for  a  period  of  75  days,  harmful  aftereffects  were  not 
observed;  also  toxic  symptoms  in  mice  were  not  noted,  which  received 
water  containing  50  mg/£  for  58  days. 

As  a  result  of  the  broad  application  of  DDT  the  latter  gets  into 
the  human  organism  ir\  numerous  ways  and  is  partially  deposited  in 
the  fat.  To  determine  tiie  DDT  in  the  fat  from  100  volunteers  (USA) 
fat  samples  were  taken.  As  it  turned  out,  in  human  fat  on  the  average 
there  is  stored  4.9  mg  of  DDT  per  kg.  Analogous  data  were  obtained 
in  the  Federal  Republic  of  Germany  (up  to  10  mg/kg)  and  in  Canada; 
the  amount  of  fDT  in  the  fat  of  62  examined  persons  was  within  the 
limits  of  2-14.3  mg/kg.  In  Southern  England  Hunter  and  others 
determined  the  amount  of  DDT  in  the  fat  humans  (samples  were  taken 
from  corpses)  according  to  the  data  received  the  amount  of  DDT 
constituted  2.21  parts  per  million.  The  portion  of  dlchlorodlphenyl- 
ehtylene  was  28-901  (on  the  average  671).  Ye.  N.  Burkatskaya  consider 


that  in  the  Insecticide  industry  and  in  insecticide  storehouses  the 
maximum  permissible  concentration  of  DDT  in  the  air  is  0.0001  mg/Z. 
Under  the  conditions  of  short-term  work  in  the  open  air  this  concen¬ 
tration  must  not  exceed  O.OOOti  mg/Z.  A  toxic  DDT  dose  for  man  when 
taken  orally  is  about  10-20  mg/kg,  whereas  LD^q  for  animals  is  about 
250  mg/kg. 

In  spite  of  the  broad  application  of  DDT,  its  analogs  and 
hexachlorane  for  a  period  of  15  years  without  any  kind  of 
precaution,  there  has  not  been  reported  in  literature  one  case  of 
industrial  poisoning  with  a  fatal  outcome  both  among  workers  at 
enterprises  manufacturing  these  preparations,  and  also  among 
disinfectors.  An  examination  has  been  carried  out  of  restricted 
groups  of  people,  who  by  the  character  theii'  occupation  are  subjected 
to  the  effect,  of  insecticides.  Among  them  symptoms  of  nervous  diseases 
have  been  detected,  which  usually  bear  a  reversible  character, 
basically  in  persons  subjected  to  the  severe  effect  of  certain 
chlorinated  hydrocarbons  and  organic  phosphates.  The  Committee 
of  Experts  on  Insecticides  of  the  Universal  Organization  of  Public 
Health,  which  convened  in  October  of  1961  to  examine  the  question 
of  the  toxicity  of  insecticides  to  men,  passed  the  following 
r’esolution  (the  12th  report  of  the  Coimnittee  of  Experts  on  Insecticides 
of  the  Universal  Organization  of  Public  Health,  Geneva,  1962). 

"Considering  the  unexcelled  role  of  DDT  in  the  successful 
elimination  of  malaria  in  various  parts  of  the  world,  and  also  the 
preservation  by  it  at  the  present  time  of  its  effectiveness  in  carrying 
out  of  the  majority  of  measures  for  the  elimination  of  infection. 

It  is  necessary  to  recognize  that  this  insecticide  is  best 
preparation  from  the  point  of  view  of  safety  in  application.  It 
should  be  replaced  by  other  insecticides  only  in  the  case  of  extreme 
necessity . " 


Analogs  of  DDT 

In  dlphenylethane  compounds  chlorine  can  exist  structurely  in 
the  ortho-,  meta-  and  para  positions,  moreover  the  number  of  chlorine 
atoms  can  vary  greatly  as  in  the  benzene  ring,  and  also  for  the 


ethane  group;  for  example,  in  the  latter  case  this  number  can 
oscillate  from  1  to  4  chlorine  atoms;  analogous  compounds  can  also 
be  obtained,  not  containing  chlorine,  but  iodine,  bromine,  fluorine 
or  several  of  the  halogens  in  a  single  molecule.  Over  200  analogs 
and  homologues  of  DDT  have  been  described,  but  of  all  the  compounds 
of  this  group  the  best  is  the  compound- dichloro-diphenyl-trichloroethane 
or  H.  ^'-lilchlorodiphenylchloromethylmethane. 

A  study  of  the  insecticidal  properties  DDT  analogs  showed  that 
only  three  of  them  approximate  DDT  in  effectiveness:  dichloro- 
diphenyl-dichloro-ethane  -  [TDE]  (T/IE),  or  DDD,  dlfluorodephenyltrlch- 
loroethane  -  [DPDT]  (,D,$/IT)  (fluorine-DDT)  and  methoxychlor ,  or 
methory-DDT. 


DDD  —  -  2,  2-bis  (n-chloropheny  1  )-l ,  1-dlchlorethane  : 


H 


Cl 


Cl-C-Cl 


1. 


Synonyms:  TDE,  dichlordiphenyldlchloroethane ,  tetrachloro- 
dlphenylethane,  and  others.  The  molecular  weight  is  320.05.  In 
contrast  to  the  DDT  molecule  the  DDD  molecule  contains  one 
atom  of  chlorine  less  and  one  atom  of  hydrogen  more. 

Pure  DDD  —  composed  of  solid  colorless  crystals.  The  technical 
preparation  contains,  besides  n,  n'-DDD,  a  mixture  of  various  isomers, 
among  which  the  o,  n’ -isomer  predominates.  The  quantity  of  the 
latter  In  the  mixture  is  equal  to  approximately  7-8%;  the  melting 
point  Is  76°.  The  melting  point  of  pure  DDD  is  109-110°,  the  boiling 
point  is  185-193°.  The  specific  weight  is  1.385-  The  preparation 
does  not  have  an  odor  or  taste,  does  not  burn,  the  cleavage  of 
chlorine  occurs  more  slowly  than  DDT.  Under  the  Influence  of  alkalis 
DDD  decomposes  and  converts  to  2,  2-bis-(n-chlorophenyl )-l-chloro- 
ehtylene  (the  melting  point  is  68°). 


The  DDD  Is  less  corrosive  to  metals  than  DDT;  1^  is  insoluble 
in  water,  but  dissolves  in  organic  solvents;  the  degree  of  solubility 
depends  on  the  solvent  used;  for  example,  in  100  m£  of  olive  oil 
at  37°  10  g  dissolve  in  acetone  and  methylethylmethane  10  g  also 
dissolve  in  100  g  of  benzene  70  g  of  DDD  dissolve,  in  100  g  of 
chlorobenzene  92  g  of  000  dissolve,  in  other  solvents  its  solubility 
is  higher  than  in  acetone. 

Ultraviolet  rays  decompose  DDD  Just  as  they  do  DDT.  When  heated 
up  to  300°  in  the  presence  of  ferric  chloride  DDD  is  decomposed  by 
the  cleavage  of  hydrochloric  acid.  In  the  cleavage  of  chlorine 
two  molecules  of  hydrochloric  acid  are  formed. 

The  technical  product  (solidifies  at  86°)  makes  it  possible  to 
manufacture  water-wettable  powders,  5-10$  disinfecting  powders  and 
25-30$  emulsion  concentrates.  Disinfecting  powders  are  usually 
applied  in  agriculture  at  a  rate  of  10-15  kg/ha;  the  wettable  powdefs 
are  used  in  a  3$  concentration. 

According  to  the  number  of  Insects,  which  can  be  controlled  by 
DDD,  it  is  considerably  inferior  to  DDT.  In  its  insecticidal 
properties  it  is  approximately  2  times  weaker  than  DDT,  Nevertheless, 
with  respect  to  certain  Insects  it  possesses  high  insecticidal 
properties,  including  with  respect  to  mosquitoes  and  their  larvae, 
and  also  with  respect  to  Individual  species  of  agricultural  crop 
pests.  The  DDD  has  a  considerable  insecticidal  effect  on  bed  bugs, 
lice,  and  other  Insects.  In  its  effectiveness  it  is  weaker  than 
methorychlor. 

The  DDD,  Just  like  DDT  and  raethoxychlor ,  has  a  negative  temperature 
coefficient;  for  example  with  the  same  dose  of  DDD  at  36°  fewer 
flies  die  than  at  28°. 

With  respect  to  bees  DDD  is  approximately  ^  times  less  toxic  than 
DDT,  70-80  times  less  toxic  than  the  gamma-isomer  of  hexachlorane , 
and  15  times  weaker  than  chlordane. 
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The  DDU  Is  sllt’:htly  toxic  to  the  higher  animals.  For  rats 
is  approximately  equal  to  3^00  mg/kg,  for  rabbits  -  4000  mg/kg,  for 
fish  (gold  fish)  -  0.9  mg/kg. 

With  the  systematic  application  of  80  mg/kg  of  DDD  per  day  to 
animals  it  causes  atrophy  of  the  suprarenal  glands  and  death.  The 
isomer,  n,  ri'-^DDD  even  at  a  dose  rate  of  200  mg/kg  per  day  does  not 
cause  changes  to  the  suprarenal  glands  after  a  6o-day  action;  the 
0,  n'-DDD  isomer  even  at  a  dose  rate  4  of  mg/kg  per  day  causes  loss 
of  appetite  and  atrophy  of  the  suprarenal  glands.  The  DDD  concentrates 
more  intensively  in  the  fatty  tissue  and  in  the  tissue  of  the 
suprarenal  glands. 

Dilan  -  a  mixture  of  two  compounds  containing  the  nitroalkyl 
grpup ,  2-nltro-l,  l-bis-(n-chlorophenyl )-butane  [1,  1-bis- (n-chloro- 
phenyl )-2-nltrobutane  and  2-nltro-l,  1-bis- (n-chloropheny 1-propane 
[(1,  1-bls )- (n-chloropheny 1-2-nltropropane ] ;  these  compounds  are 
called  buian  and  prolan.  The  mixture  contains  52.2?  bulan  and  26.2? 
prolan  and  19.6?  related  compounds  (by  weight): 

O-f-O 

R-C-.NO, 

U 

where  R  =  CH^  (prolan);  R  *  CH^  -  CH2  (bulan). 

Dilan  according  to  its  insecticidal  properties  with  regard  to 
flies  and  other  insects  is  considerably  inferior  to  DDT;  for  example, 
when  topically  applied  at  a  rate  of  100  ug  to  flies  50?  of  the 
individuals  die  within  24  hours. 

In  its  toxicity  to  warm-blooded  animals  it  is  approximately 
equal  to  DDT. 

The  DFDT  -  C^j^HgCl2F2  -  2,  2-  -(4-fluorophenyl-l ,  1,  1-trlch- 
lorethane : 
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Cl-C-Cl 


> 


Synonyms:  1,  1,  l-trlchloro-2 ,  2-n-(n-fluorophenyl)-ethane, 
dif luorodiphenyl-trlchloroethane ,  fluorlne-DDT,  f luorogezarol ’ , 
Gix  and  others.  The  molecular  weight  is  321.6. 


The  pure  compound  -  solid  colorless  crystals;  the  technical 
preparation  is  a  viscous,  colorless  liquid;  it  contains  about 
10%  of  this  substance.  The  boiling  point  is  135-136“  at  a  pressure 
of  9  mm  Hg.  The  melting  point  is  ^5.5°.  The  vapor  pressure  is  2.2  x 
X  10  ^  at  20°.  The  odor  of  the  preparation  is  reminiscent  of  the 
odor  of  ripe  apples.  It  is  almost  Insoluble  in  water,  but  is  soluble 
in  the  majority  of  organic  solvents. 

The  preparation  is  used  to  control  agricultural  plant  pests 
and  human  parasites.  In  its  Insecticidal  properties  with  respect 
to  all  Insects,  with  the  exception  of  cockroaches,  it  is  inferior  to 
DDT.  To  the  higher  animals  it  is  3-^  times  less  toxic  than  DDT. 


dethoxychlor  -  -  1,  1,  l-trichloro-2 ,  2-  di-(n- 

niethoryphenyl  )-ethane  : 


H 


a-c-ci 


Synonyms:  2,  2-bis- ( ^4-methoryphenyl )-l ,  1,  l-trichloroethane ; 

[DMDT]  (ilMilT);  methoxy-DDT;  marlate  and  others.  The  molecular  weight 
is  3^5.7. 


An  analog  of  DDT,  in  which  the  two  atoms  of  chlorine  located  in 
para  position  are  replaced  by  the  methoxy-group .  A  colorless  powder 
of  crystal  form.  The  melting  point  of  the  crystals  is  78  and  86-88° 
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depending  on  its  form.  The  specific  weight  at  -  1.^1.  It 
possesses  an  odor  reminiscent  of  the  odor  of  fruit. 

The  specifications  set  forth  by  the  Committee  on  Insecticides 
of  the  Universal  Organization  of  Public  Health  for  technical 
methorychlor  are  the  following: 


Minimum  Maximum 

General  content  of  chlorine  in  weight  percent....  29.5  31.5 

Content  of  hydrolyzing  chlorine  in  weight  percent  9.7  11.7 

Content  of  hydrochloride  in  weight  percent .  -  0.025 

Acidity  based  on  ^280^  in  weigh;  percent .  —  0.3 

Solid  substance  insoluble  in  l.sotol  in  weight 

percent .  -  1.0 

Content  of  water  in  weight  percent .  -  1,0 


The  para,  para-isomer  of  methorychlor  solidifies  at  69°;  at 
normal  temperatures  it  does  not  melt. 

Methorychlor  is  Insoluble  in  water,  but  readily  dissolves  in 
certain  organic  solvents  (in  particular,  in  the  aromatic  ones), 
for  example  it  dissolves  in  trichlorethane  to  70  g  per  100  mH  at 
20®,  in  methylene  chloride  up  to  133  g  per  100  mi  at  15°,  it  also 
dissolves  (moderately)  in  kerosene  and  olive  oil.  It  does  not 
decompose  with  heating,  it  is  resistant  to  oxidation,  is  less 
sensitive  to  alkalis  than  DDT,  It  is  stable  with  respect  to 
ultraviolet  rays,  it  slowly  dehydrochlorlnates  into  2,  2-bls- 
(n-methoxyphenyl )-l ,  1-dlchlorethy lene ;  heavy  metals  accelerate  the 
dehydrochlorlnation  Just  as  with  DDT. 

The  insecticidal  prooertles  of  methoxychlor  depend  on  the  content 
of  the  n,  n-isomer. 

Prom  technical  methoxychlor  the  emulsion  concentrate  is  manufac¬ 
tured  (2^%  technical  preparation);  the  emulsion  is  used  to  treat 
gardens  and  useful  vegetation;  the  wettable  powder  (50>)  is  used  in 
suspension  form  for  spraying  animals  or  to  submerge  them  in  it ;  the 
suspension  is  also  used  to  spray  structures,  fruit  gardens,  grain 
cultures,  and  others. 
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Methorychlor  preparations  are  also  highly  effective  with 
respect  to  everyday  parasites  and  carriers  of  causal  organisms  of 
Infectious  diseases.  They  possess  a  somewhat  more  prolonged  residual 
action  than  DDT.  Methoxychlor  is  highly  toxic  to  the  same  insects, 

CO  which  DDT  is  toxic.  At  the  same  time  Its  toxicity  to  warm¬ 
blooded  animals  Is  25-30  times  lower  than  DDT. 

Methoxychlor  Is  of  special  value  for  its  use  in  destroying  ecto¬ 
parasites  of  domestic  animals.  It  possesses  high  residual  toxicity 
to  Insects,  as  does  also  DDT,  but  it  is  less  dangerous  to  man. 

Abroad  the  preparation  Is  widely  applied  in  agriculture,  it  is 
recommended  to  be  applied  up  to  7  days  before  the  gathering  of  the 
harvest.  It  possesses  high  Insecticidal  properties  with  respect 
to  garden  pests,  human  parasites  and  pests  in  his  dwellings,  ecto¬ 
parasites  of  animals  and  pests  of  agricultural  plants. 

Methoxychlor  is  inferior  to  DDT  in  its  effectiveness  with 
respect  to  all  insects:  ^^^50  methoxychlor  has  approximately 
3/5  the  index  of  the  insecticidal  properties  of  DDT;  if  the 
insecticidal  capability  of  the  latter  is  taken  as  unit,  then  with 
respect  to  house  flies  its  acltivity  is  equal  to  0.35-0.92,  for 
bed  bugs  -  0.97,  for  clothes  lice  —  O.38,  for  Anopheles  mosquitoes  — 
0,10,  for  Aedes  mosquitoes  -  0.09. 

To  fly  larvae  methoxychlor  in  emulsion  form  is  mildly  toxic 
at  a  dose  of  320  parts  per  million  parts  of  substrate. 

According  to  Ye.  V.  Shnayder  and  V.  V.  Shavyrina,  and  also  to 

our  observations,  the  insecticidal  properties  of  methoxychlor  with 

respect  to  flies,  fleas,  cockroaches,  bugs,  and  satiated  mite  larvae 

are  insignificantly  inferior  to  DDT,  and  precisely:  methoxychlor 

in  disinfecting  powder  form.  Just  as  DDT,  when  applied  to  horizontal 

2 

surfaces  at  a  quantity  of  1  g  of  active  substance  per  1  m  after 
15-mlnute  contact  with  the  flies  and  5-mlnute  contact  with  fleas 
causes  their  complete  destruction  after  2^  hours.  These  same  doses 
with  a  15-mlnute  exposure  ensure  the  complete  destruction  of  bugs  and 
cockroaches  after  ^<8  hours. 


In  treating  surfaces  by  spraying  a  \%  solution  of  methoxychlor 
at  a  rate  of  0.5  g/m^  after  15-mlnute  exposure  there  Is  observed 
complete  destruction  of  hungry  larvae  of  fleas  and  mites  after 
hours. 

Lice  on  fabric  Impregnated  with  a  1%  solution  of  the  preparation 

are  completely  destroyed  after  3-5  houi's  of  contact.  On  vertical 

surfaces  (wooden  or  plastered  covered  with  oil  paint)  In  the  case 

2 

of  the  application  of  methoxychlor  suspension  at  a  rate  of  1  g/m 
flies  die  within  the  limits  of  86-90%  after  5  minutes  of  contact. 

With  the  application  of  the  preparation  In  the  form  of 

disinfecting  powder  on  wood  and  plastering  covered  with  oil  paint 

2 

at  ^  rate  of  1  g  of  technical  preparation  on  m  It  retains  its 

activity  for  60  days  (the  mortality  rate  reaches  80-90/8).  In 

treating  the  same  surfaces  with  a  1$  methoxychlor  susper;slon  at  a 
2 

rate  of  1  g/m  even  after  2  weeks  the  death  rate  of  Insects  on 
wood  colored  with  oil  paint  is  50%,  and  on  plastering  colored  with 
oil  paint  -  30/8. 

The  insecticidal  properties  of  methoxychlor  to  a  considerable 
degree  depend  on  the  resistance  of  the  insects.  Thus,  for  example, 
house  flies  of  a  sensitive  strain  die  from  a  topical  application  of 
0.07  Pg,  and  flies  of  a  strain  resistant  to  this  preparation  die  from 
100  ug;  flies  resistant  to  DDT  die  after  an  application  of  1  yg 
of  methoxychlor  per  Individual. 

To  bed  bugs,  mosquitoes  and  their  larvae  methoxychlor  Is  highly 
toxic  but  in  effectiveness  it  is  somewhat  Inferior  to  DDT. 

For  dusting  vegetable  cultures  wettable  powders  of  methoxychlor 
are  used  at  a  rate  of  2-ii  kg/ha. 

In  toxicity  to  bees  methorychlor  is  somewhat  Inferior  to  DDT. 

Its  effect- on  Insects  Is  close  to  the  action  of  DDT;  similar  to  DDT, 
methorychlor  has  a  high  coefficient  of  solubility  in  lipoids  in 
comparison  with  water;  It  has  the  same  negative  temperature  coefficient 
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as  DDT.  Thus,  In  Its  effect  on  flies  the  death  rate  of  the  latter 
is  higher  when  the  preparation  Is  applied  at  28°,  than  at  36°. 

O 

In  Insects  poisoned  with  methoxychlor  (red  cockroaches)  by  the 
injection  of  a  toxic  dose,  the  oxygen  demand  is  immediately  increased 
(muscular  activity,  tremor,  etc.,  characteristic  nervous  Impulses 
without  a  latent  period).  The  oxygen  consumption  rises  within  30 

■3 

minutes-1  hour  from  0.6  to  3  mm  per  minute  oefore  the  advent  of 
paralysis,  with  the  beginning  of  which  the  oxygen  consumption  sharply 
decreases  until  complete  cessation. 

To  methorychlor,  the  same  as  to  DDT,  resistance  develops  with 
Its  continuous  effect  on  flies  (21-80  generations). 

The  toxicity  of  methoxychlor  to  warm-blooded  animals.  With  the 
oral  administration  the  toxicity  of  the  preparation  to  animals  is 
lower  than  the  toxicity  of  DDT:  for  rabbits  and  rats  it  is  4  times 
lower,  when  applied  on  the  skin  —  8  times  lower. 

The  administration  in  the  food  of  young  rats  of  a  0.011  prepara- 
tion  does  not  have  an  effect  on  their  growth;  Increasing  the  dose 
to  O.i/J  insignificantly  inhibits  the  growth  of  young  rats.  Of  10 
rats  (males  and  females)  8  perished  when  fed  a  diet  containing  331 
methoxychlor  (50!?  died  within  45  days).  Dogs  survive  a  diet  containing 
10  g/kg  over  a  period  of  6  months.  In  cows'  milk  treated  with  10  g 
of  50$  wettable  powder  it  Is  possible  to  detect  not  less  than 
0.1  mg/kg  of  methoxychlor. 

Methoxychlor  accumulates  slightly  in  the  fat  of  animals  and  is 
secreted  from  their  organism  with  milk. 

Olney  and  other  fed  brood-hens  and  large  chicks  a  standard 
feed  with  the  addition  to  it  of  2;  4;  8;  10;  100  and  1000  parts  of 
methoxychlor  per  million  parts  of  feed;  the  duration  of  the  feeding 
of  hens  reached  85  days,  and  the  chicks  -  56  days.  No  harmful  effect 
was  noted  on  egg  laying  nor  on  feed  consumption  nor  on  the  addition 
of  weight  nor  on  the  death  rate  of  the  birds.  It  was  impossible  to 
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detect  the  insecticide  in  eggs  during  the  use  of  low  doses,  but  during 
the  feeding  of  birds  doses  of  100  and  1000  parts  per  million  parts 
of  feed,  the  preparation  was  easily  detected  starting  with  the  8th 
day  from  the  beginning  the  experiment.  After  doing  away  with  the 
metjhoxychlor  it  was  impossible  to  detect  it  at  the  indicated  doses 
!n  "the  birds  on  the  l4th  and  28th  day  respectively.  The  preparation 
wa^  ctetect*^^  skin  when  administered  in  low  doses 

in  the  feed,  and  with  the  use  of  high  doses  it  was  possible  to  detect 
it  in  the  heart,  paws,  liver,  chest,  and  throat.  After  the  cessation 
of  the  adfninistration  of  the  insecticide  with  the  feed  it  rapidly 
disappeared  from  the  tissues,  with  the  exception  of  the  skin  and 
fat;  in  these  tissues  the  level  of  preparation  content  after  63 
days  was  determined  at  an  amount  lower  than  0.05  parts  per  million. 

Tne  content  methoxychlor  in  the  various  organs  and  tissues  of  the 
brood  hens  reached  the  following  values:  with  a  dose  of  1000  parts 
per  million  from  1.^  to  parts  per  million  were  detected  in  the 

eggs,  in  the  chest  -  0.l8,  in  the  liver  —  0.68,  in  the  paws  -  0.98, 
in  the  throat  —  1.7,  in  the  heart  —  4.5,  in  the  skin  -  l8.9  and  in 
the  fa^  -  54.1  parts  per  million.  In  chicks  all  these  values  were 
somewhat  lower. 

In  human  toxic  symptom '>  are  noted  after  a  single  application  of 
169  g  or  with  the  multiple  application  in  the  course  of  a  day  36  g 
on  the  skin.  When  orally  administered  a  lethal  dose  for  man  is 
7.5  g/kg  of  the  preparation. 


O 


Pertan  -  C^gH2QCi2  -  1,  l-dlchloro-2,  2-bls- (n -ethylphenyl )-ethane : 


a-c-a 

I. 


Synonyms:  di-(n-ethylphenyl)-dichloroethane ;  2,  2-bls-(4- 
ethylphenyD-l,  1-dichloroe  thane. 

The  compound  is  analogous  to  DDT.  The  molecular  weight  is 
307 »25^,  solid  crystals,  the  melting  point  is  56-57®.  In  its  insecti¬ 
cidal  properties  it  is  considerably  inferior  to  DDT.  The  LD,.^  for 
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flies  is  approximately  0.^  j.  g  per  Insect.  Its  oil  solutions 
of  2-5^  concentration  are  used  for  controlling  American,  common,  and 
black  cockroaches,  moths  and  skin  beetles  [khapra  beetles].  It  Is 
widely  used  for  controlling  agricultural  culture  pests. 

Pertan  is  slightlj’  toxic  for  warm-blooded  animals.  The 
fpr  mice  v;hen  orally  administered  is  equal  to  93^0  mg/kg,  when 
intravenously  administered  it  is  175  mg/kg.  For  rabbits  when  orally 
administered  is  equal  to  8170  mg/kg,  and  when  intravenously 

administered  -  75  mg/kg.  Death  ensues  after  1-4  days.  When  fed  food 
containing  5000  mg  of  pertan  per  kg,  dogs  die. 


CHAPTER  III 


INSECTICIDES  OBTAINED  PROM  THE  DIENE  SYNTHESIS  REACTION 

This  group  of  chlorine-containing  preparations,  Just  like  [DDT] 
(Anr)  lHCCH]  (rXJ|r)  and  others,  belongs  to  the  chlorinated 
hydrocarbons.  They  possess  higher  insecticidal  properties  than  DDT. 
Among  these  preparations  belong  chlordane,  heptachlor,  aldrin, 
dleldrln  and  Isomers  of  these  last  two  preparations  —  isodrln  and 
endrln.  All  these  substances  are  obtained  by  diene  synthesis  from 
hexachlorocyulopentadiene,  which  is  the  basic  intermediate  for  the 
synthesis  of  this  whole  group  of  named  compounds.  The  most  import;.  , 
reactions  described  for  hexachlorocyclopentadiene  belong  to  the 
diene  synthesis  type  of  reactions i  it  is  obtained  by  the  chlorination 
under  various  conditions  of  cyclopentane,  amylenes  and  cyclopentaalent 
(S.  D.  Volodkovlch) . * 

Chlordane,  heptachlor,  aldrin,  dleldrln  and  others  possess 
high  insecticidal  properties.  All  the  preparations  _  contact  poisons, 
and  chlordane  and  aldrin,  furthermore,  possess  considerable  effec¬ 
tiveness  in  the  vapor  form.  The  preparations  are  highly  effective  in 
oil  solutions  and  emulsions,  similar  to  DDT;  aldrin  and  dleldrln 
are  also  used  in  powder  fo  t.  According  to  their  insecticidal 
effectiveness  these  preparations  can  be  arranged  in  the  following 
descending  order:  dleldrln  >  gamma-HCCIl  >  aldrin  >  chlordane  >  DDT. 


*  In  a  number  of  structural  formulas  of  diene  synthesis  (for 
the  purpose  of  reducing  the  space  of  formulas)  carbon  is  not  shown. 
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From  the  point  of  view  of  residual  action  dleldrln  Is  equal  to 
DDT,  since  It  Is  extraordinarily  stable;  the  remaining  compounds 
are  somewhat  volatile  and  evaporate  slowly.  According  to  the  degree 
of  the  length  of  their  residual  action  the  preparations  are  arranged 
In  the  following  manner:  aldrin  >  chlordane  >  gamma-UCCH  according 
to  some  authors,  and  gamma-HCCH  >  chlordane  >  aldrin  according  to 
other  researchers. 

Aldrin,  DDT,  dleldrln,  endrln,  isodrln  and  toxaphene  are 
effective  against  the  larvae  of  Aedes  dorsalis  mosquitoes  at  a 
concentration  of  mg/t.  When  the  concentration  Is  decreased  by 
10  times  good  results  are  also  obtained. 

Chlordane  Is  less  stable  than  DDT  and  less  Insecticidal  than 
HCCH;  there  Is  not  one  Insect,  with  respect  to  which  It  would  not 
exceed  the  other  Insecticides,  especially  DDT. 

The  most  expedient  method  of  applying  diene  synthesis  prepara¬ 
tions  is  to  use  them  In  the  form  of  residual  films  on  surfaces. 

Under  these  conditions  dleldrln  Is  the  best,  because  it  combines 
the  stability  of  DDT  with  the  high  Insecticidal  capacity  of  gamma- 
HCCh.  When  It  Is  used  by  qualified  workers.  It  produces  good  results 
in  controlling  flies.  Aldrin  and  dleldrln  -  effective  mosquito 
larvacldes.  Both  the  compounds  are  stable  with  inspect  to  alkalis. 
Insects  resistant  to  DDT  are  more  resistant  to  these  preparations. 
Furthermore,  such  insects  develop  resistance  to  preparations 
obtained  by  diene  synthesis  reaction  more  rapidly  than  do  ordinary 
strains . 

According  to  the  experimental  works  of  L.  N.  Pogodina,  I.  N. 
Savel'yev,  M.  V.  Sklblnskay'a,  and  A.  L.  Englln,  aldrin,  dleldrln 
and  stereoisomers  _  endrln  and  isodrln  _  are  highly  effective  In 
controlling  certain  specie^  of  Insects  -  human  parasites  and  pests 
In  his  dwellings. 

The  preparations,  dleldrln  and  endrln.  In  the  form  of  1-51 
disinfecting  powders  with  talc  In  one-mlnuta  contact  with  fleas 


cause  their  complete  paralysis  in  the  first  5  minutes.  Lengthening 
the  contact  of  the  fleas  with  the  disinfecting  powders  to  3  minutes 
provides  analogous  results  even  when  the  concentration  of  the 
disinfecting  powders  is  decreased  to  0.5!^.  Lower  effectiveness 
with  respect  to  fleas  is  possessed  of  the  disinfecting  powders, 
aldrin  and  Isodrin. 

Alcohol  solutions  (0.05-l/»)  of  aldrin,  dieldrin  and  their 
Isomers  when  impregnating  fabrics  are  less  effective  than  disinfecting 
powders.  The  toxic  properties  with  regard  to  lice  situated  in 
fabrics  impregnated  with  dieldrin  and  endrin  solutions  at  low 
concentrations  (0. 000075-0. OOOOIJ)  exceed  the  toxicity  of  fabrics 
Impregnated  with  isodrin  by  3-^  times,  and  fabrics  Impregnated 
with  DDT  by  times. 

The  disinfecting  powders,  aldrin  and  dieldrin,  used  to  treat 
a  substrate  (middlings)  at  a  rate  of  0.5  active  substance  per 
kg  cause  within  48  hours  the  death  of  6^%  of  the  fly  larvae. 


Insecticides  obtained  by  diene  synthesis  reaction,  penetrating 
into  the  animal  organism,  can  accumulate  in  it.  This  phenomenon 
has  been  studied  in  sufficient  detail  for  warm-blooded  animals. 
Insecticides  obtained  by  diene  synthesis  reaction  usually  concentrate 
in  the  fatty  tissue.  These  poisons  are  detected  in  considerably 
smaller  quantities  in  the  muscles,  tissues  of  the  Internal  organs, 
in  the  peripheral  and  central  nervous  systems.  In  the  animal 
organism  the  insecticides  of  this  group  undergo  a  number  of  biochemical 
transformations,  of  which  the  best  studied  is  oxidation. 

Such  a  case  of  oxidation  can  be  illustrated  oy  heptachlor.  In 
the  organism  of  warm-blooded  and  Invertebrate  animals  heptachlor 
is  converted  into  epoxide  of  heptachlor  with  a  melting  point  of 
1^9-160^,  which  then  changes  into  diol: 
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It  is  also  known  that  aldrin  in  an  or-ganism  changes  Into 
dleldrln,  the  epoxides  of  a-  and  6-chlordane  have  been  described. 
The  epoxides  are  considerably  more  toxic  than  the  corresponding 
parent  substances.  For  example,  heptachlor 

Is  40  mg  for  mice  when  introduced  intravenously,  and  of  the 
corresponding,  epoxjde  —  10  mg/kg.  If  cows  are  administered  with 
their  feed  heptachlor  at  a  rate  of  3  mg/kg  in  twenty-four  hours, 
then  the  epoxide  begins  to  appear  in  the  milk  on  the  9th  day  and 
its  content  increases  up  to  1.8  mg  per  kg  of  milk.  Based  on  the 
butter  fat  the  content  of  heptachlor  epoxide  will  be  44  mg/kg. 
After  the  cessation  of  feeding  heptachlor  to  cows  its  epoxide 
disappears  from  the  milk  after  approximately  50  days. 


Thus,  as  a  result  of  the  oxidation  of  heptachlor  or  aldrin 
in  the  animal  organism  highly  toxic  compounds  will  be  formed. 


In  interacting  with  glucuronic  acid  diol  is  detoxified,  forming 
water-soluble  metabolites,  which  are  excreted  by  kidneys. 

9 

The  details  of  the  metabolism  of  cyclodlene  compounds,  especially 
their  Individual  representatives,  are  very  little  known.  Certain 
observations  and  experiments  have  shown  that  with  a  single  feeding 
to  animals  of  heptachlor  at  a  dose  rate  of  35  mg  per  kg  of  living 
body  weight  there  is  retained  in  females  8  times  more  epoxide  than 
in  the  body  of  males. 


The  general  pattern  of  Insect  poisoning  with  cyclodlene 
insecticides  and  also  many  physiological  indices  are  similar  to 
the  described  symptoms  noted  during  the  administration  of  DDT 
and  hexachlorane.  In  the  Insect  organism  analogous  processess 
(fly)  were  distinguished. 


An  injection  of  80  pg  of  chlordane  or  toxaphene  into  an 
Amerlcal  cockroach  leads  to  the  disturbance  of  cardiac  pulsatlor^, 
an  Increase  in  respiratory  intensity,  etc. 
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Aldrln 


Aldrln  -  0^2^8016  “  2,  3,  4,  10,  10-hexachloro-l,  4,5, 

8-dl-eridomethyloene-l,  4,  4a,  5,  8,  Ba-hexahydronaphthalene: 


a  o 


Syi^onyms:  1,  2,  3,  4,  10,  10-hexachloro-l,  4,  4a,  5,  8,  8a- 
liexahyd]|*o-l,  4-endo,  exo-5,  8-dlmethanonaphthalene.  The  molecular 
weight  is  365.  It  Is  a  white  solid.  The  melting  point  of  the  pure 
preparation  is  104-104. 5® i  of  the  technical  —  about  90®.  The  vapor 
pressure  is  6.10  ^  mm  Hg  at  25®.  At  room  temperature  it  has  an 
odor.  The  technical  products  is  a  wax-like  substance;  it  contains 
not  less  than  11^  aldrin. 

Aldrln  -  an  effective  insecticide  widely  applied  abroad  is 
controlling  various  Insects.  It  is  somewhat  more  volatile  than 
gamma-hexachlorane.  It  only  slightly  dissolves  in  water  —  0.07 
it  readily  dissolves  In  organic  solvents. 

The  manufacturing  enterprises  of  certjiln  .countries  prepare 
wetable  powders  from  aldrln,  containing  20-40?  aldrln,  and 
disinfecting  powders  containing  up  to  75?  of  the  preparation. 

The  preparation  is  also  manufactured  in  granulated  form  with  an 
aldrin  content  of  25?;  aldrln  emulsions  are  also  produced  contalnlnf 
the  same  percentage. 

Aldrln  is  used  to  control  various  arthropods.  Thus,  for 
example,  when  25  mg/kg  is  applied  to  a  substrate  is  provides 
97-100?  destruction  of  fly  larvae.  It  is  highly  toxic  to  adult 
flies. 
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The  use  of  the  preparation  In  the  form  of  oil  solutions 
showed  that  It  Is  effective  at  the  following  concentrations:  for 
bed  bugs  -  0.28J5,  for  fleas  ~  0.48$,  for  lice  -  0.038$,  for  adult 
files  —  0.009$,  for  Aedes  mosquitoes  —  0.36$  and  for  Ornlthodorus 
mites  -  0.03$.  It  Is  also  effective  In  controlling  Tromblcula 
mites.  The  preparation  Is  superior  to  DDT  In  Its  Inseotleldal 
properties  with  respect  to  files  by  5  times,  fleas  —  by  8  times 
and  lice  —  by  15*7  times.  Aldrln  la  3  times  more  toxic  than 
chlordane  to  cockroaches  and  70  times  more  effective  than  DDT. 

When  the  preparation  was  applied  at  a  rate  of  1$  In  food  baits 
under  laboratory  conditions  complete  destruction  of  flies  was 
observed  within  24  hours;  under  practical  conditions  the  baits 
containing  aldrln  were  completely  Ineffective. 

The  residual  action  of  aldrln  Is  slight:  with  filter  paper 
impregnated  at  a  rate  of  0.1  mg/cm^  the  bugs  died  in  100$  of  the 
cases  only  during  the  first  3  days;  after  10  days  their  mortality 
race  decreased  to  95$,  after  a  month  It  was  equal  to  65$,  and  toward 
the  end  of  the  6th  month  It  was  only  23$.  When  the  preparation 
dose  was  increased  to  0.5  mg/cm^  a  mortality  rate  of  95$  was 
observed  for  a  period  of  a  month,  but  toward  the  end  of  the  6th 
month  it  descended  to  51$ •  When  the  preparation  Is  employed  on 
a  surface  for  the  purpose  of  controlling  mosquitoes  1-2$  solutions 
are  applied.  Such  a  treatment  Is  effective  for  a  period  of  4  weeks. 
Anopheles  mosquito  larval  die  at  a  rate  of  up  to  50$  when  0.025 
mg/ 1  of  aldrln  Is  applied;  LD^^-v  for  honeybees  Is  0.025  Mg/lnsect, 

LD^q  for  house  flies  Is  0.032  pg/lnsect. 


With  the  Injection  of  aldrln  into  a  cockroach  and  after  a 
2-3  hour  latent  period  there  appears  a  considerable  increase  In 
oxygen  Intake,  from  0.5  to  3  mm  per  minute.  The  greatest  amount  of 
oxygen  intake  Is  reached  5  hours  after  the  Injection.  The  Insect 
remains  active  dui'lng  the  latent  period. 


In  the  Insect  organism,  and  also  In  the  organism  of  higher 
animals  aldrln  Is  oxidized  and  Is  ccnverted  into  dleldrln.  When 
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aldrln  is  employed  to  combat  cockroaches  end  flies  its  effectiveness, 
in  contrast  to  DDT,  lindane  and  pyrethrin  increases  with  an  increase 
in  temperature. 

With  the  presence  of  up  to  0.01  mg/£  of  the  preparation  in 
water  95''100!^  of  Anopheles  quadrimaculatus  larvae  due;  Aedes  aegyrti 
larvae  are  more  resistant  as  compared  to  Anopheles  larvae  -their 
complete  destruction  is  accomplished  with  the  presence  of  1  mg/A 
in  water. 

Cattle  infested  with  fleas  are  freed  from  them  with  a 
subcutaneous  injection  of  50  mg/kg  of  aldrln.  It  has  been  shown 
that  after  treating  wool  on  sheep  with  a  0.05?  solution  of  aldrln 
for  the  purpose  of  combating  flies  the  preparation  retains  its 
effectiveness  for  a  period  of  12-14  weeks.  When  dieldrln  is  employed 
at  an  analogous  concentration  its  effectiveness  was  maintained  for 
40  weeks.  The  wool  removed  from  sheep  maintains  its  anti-moth 
properties  for  a  considerable  period  of  time. 

The  preparation  has  found  its  greatest  app:i nation  in 
agriculture.  Locust  are  killed  when  it  is  employed  at  a  rate  of 
150  g/ha;  to  destroy  the  Colorado  beetle  a  0.015*  emulsion  is  usee 

at  a  rate  of  130  l/ha.  Aldrln,  according  to  'ts  insecticidal 

/ 

properties,  is  twice  as  weak  as  dleldrin;  Inasmuch  as  tne  residual 
action  of  aldrln  is  shorter  than  dleldrin,  it  is  better  to  apply 
it  for  treating  fruit  and  vegetable  crops,  in  particular  beets. 

Aldrln  is  used  to  combat  pests  of  cotton,  tobacco,  grain  crops 
and  others.  It  can  be  used  at  a  concern  atlon  of  0.12-0.24? 
to  combat  ants,  causing  damage  to  citrus  trees. 

In  moist  clayey  soil  aldrln  changes  more  rapidly  into  dieldrln 
then  in  soil  to  which  manure  has  been  added.  Aldrln  which  has 
been  applied  to  soil  at  a  rate  of  3  kg/ha  is  not  detected  ln|  it 
after  4  years,  but  it  was  possible  to  detect  traces  of  dlldren  -  0.03 
mg/kg.  In  soils  containing  a  small  quantity  microorganisms 
(autocloved  clays  and  sand),  or  in  dry  soils  the  amount  of  dieldrln 
formed  is  insignificant. 
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It  has  been  establlsht d  .hat  such  cultures,  as  wheat,  corn, 
rye,  ougar  cane  and  others  grown  In  soil  treated  with  0.l4~6.78 
kg/ha  of  aldrin  do  not  absorb  the  preparation. 

According  to  Fletcher  the  doses  of  aldrin  recommended  to 
control  Insects  do  not ^affect  soil  microorganisms  to  a  significant 
degree  and  cannot  cause  serious  changes  In  the  fertility-  of  such 
soil.  In  the  United  States  aldrin  and  other  preparations  are 
applied  In  mixture  with  fertilizers. 

In  the  organism  of  c^s  and  other  lactatlng  animals  —  In 
pigs,  sheep,  rats,  apparently.  In  all  other  animals,  and  also 
birds  aldrin  Is  rapidly  converted  to  dleldrln.  This  conversion 
of  aldrin  occurs  Independently  of  the  method  of  Its  application. 

The  rapid  rate  of  the  epoxldatlon  of  aldrin  Into  dleldrln  In 
the  animal  organism  Is  proved  by  the  fact  that  dleldrln  can  be 
detected  in  milk  24  hours  after  the  Introduction  of  aldrin. 

Thus,  It  has  been  established  that  the  toxicity  of  aldrin 

depends  on  its  transformation  Into  dleldrln.  The  analogous- - 

transformation  Is  also  observed  and  In  soybeans  and  grain  cultures. 

There  was  observed  in  animals  after  the  Introduction  of 
20-100  mg/kg  of  aldrin  to  their  feed  an  Increase  in  the  amount 
of  aldrin  In  their  fat  (by  5%)*  an  Increase  In. the  amount  In  their 
liver  (by  151)  and  simultaneously  there  was  noted  an  Increase  of 
serur  esterosej  this  Increase  reached  149J  on  the  54th  day  In  an 
experiment  with  aldrin  and  1111  In  experiments  with  dleldrln. 

Aldrin  has  a  definite  effect  on  the  central  nervous  system  but 
does  not  affect  the  peripheral  system. 

The  toxicity  level  of  aldrin  to  warm-blooded  animals  Is:  fop 
white  rats  40-50  ing/kg,  for  sheep  and  pigs  -  about  50  mg/kg. 

The  action  mechanism  Is  similar  to  the  action  of  the  chlorinated 

hydrocarbons.  The  clinical  pattern  of  aldrin  and  dleldrln  poisoning 
is  indicative  of  central  nervous  system  damage. 
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According  to  N.  A.  Sazondva  and  A.  P.  Volkova,  the  preparations 
possess  cumulative  properties  and  cause  chronic  poisoning.  With 
a  single  oral  administration  of  aldrin  dissolved  in  oil  a  100:( 
mortality  rate  of  white  mice,  white  rats  and  rabbits  is  realized 
-''roffl  n  cose  of  50  mg/kg;  in  the  case  of  the  administration  of 
dleldrln  a  lOOJl  mortality  rate,  of  white  mice  and  white  rats  is 
realized  from  a  dose  6^1  mg/kg  and  of  rabbits  -  from  a  dose  of 
125  mg/kg. 

Aldrin  and  dleldrln  cause  changes  in  the  leucocytes  and  an 
acceleration  of  [ESR]  (P09).  The  preparations  are  readily  absorbed 
through  the  skin.  The  toxicity  obtained  by  this  method  of  intro¬ 
duction  is  less  than  the  toxicity  observed  with  oral  administration; 
a  5$  oil  solution  does  not  have  a  local  effect  on  the  skin  of 
white  mice  and  rats. 


During  mult  ipledusting-with  aldrln_dlsiji^c^ng  powder 

^t_^_rate-^?f'Tirragper  cm2  Qf  surface  pathological  changes  develop 
in  the  lungs  of  rabbits,  which  are  less  expressed  during  the 
action  of  dleldrln  disinfecting  powder  under  the  same  conditions. 
The  prolonged  action  of  aldrin  vapors  (evaporating  from  the  walls 
of  a  chamber,  to  which  the  preparation  has  been  applied  at  a 
rate  of  1-2  g  of  active  substance  per  m^)  c'-  'r  et  pathological 
changes  in  the  lungs  of  white  mice  and  then  death.  Aldrin  vapors 
are  somewhat  more  toxic  than  dleldrln  vapors  (N.  A.  Sazonova  and 
A.  P.  Volkova). 


When  aldrin  is  added  to  the  feed  of  young  bull-calves,  sheep, 
pigs  over  a  period  ol^  12  months  there  is  detected  in  their  tissues 
only  small  amounts  of  this  preparation  even  with  the  presence  of 
10  mg  per  kg  in  the  feed.  Moreover,  in  the  ,fat  of  bull-calves 
thefe  was  39.2  mg/kg,  in  the  liver  -  3.8il  mg/kg,  in  the  kidneys  - 
3*5  mg/kg  and  in  the  muscles  -  0.72  mg/kg,  in  the  sheep  there 
was  respectively  *12.3;  3.1^i  1*36  and  0.73  ng/kg,  in  pigs  -  17.^; 
0.77;  0.69  and  0.49  mg/kg  respectively. 
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When  aldrin  Is  Inject'^d  binder  the  skin  It  Is  leas  toxic 
than  when  It  Is  orally  administered i  In  the  first  place  aldrin 
Is  detected  In  the  fat  of  animals  up  to  4  months. 

''Idrin  Is  extremely  toxic  to  gold  fish:  one  part  of  aldrin 
per  billion  parts  of  water  Is  fatal. 

The  acute  toxicity  of  aldrin  to  people  J.s  "e^latlvely  high. 

The  preparation  can  get  Into  the  human  orgsuilsm  through  the  digestive 
tract,  the  respiratory  tract  and  the  skin.  When  It  gets  into  the 
organism  It  causes  severe  Illness  In  man.  Thus,  for  example. 

In  an  adult  man  aged  23  years,  who  drank  170imi  of  a  solution 
containing  1.8  g  of  alurln  (25.3  mg/kg)  there  {appeared  spasms 
within  20  minutes.  Changes  were  recorded  on  electroencephalograms 
for  a  period  of  5  months. 


There  are  data  available  about  30  cases  of  poisoning  In  people, 
who  manufactures  aldrin  disinfecting  powder;  of  these  5  cases  were 
among  factory  workers  woi;^klng  with  empty  aldrin  packing.  The 
symptoms  of  poisoning  are  diverse:  nausea,  vomiting,  general 
lethargy,  headache,  cough;  more  rarely  there  were  observed  dizziness, 
loss  of  weight,  in  individual  cases  spasms  and  bronchial  Irritation. 
The  therapy  in  individual  cases  (with  spasms)  consisted  of  gastric 
lavage,  the  internal  administration  magnesium  sulfate,  oxygen 
therapy  and  the  Intravenous  infusion  of  glucose,  and  also  symptomatic 
therapy. 

It  Is  characteristic  that  aldrin  In  the  human  orgaj.ism  vnd 
in  the  environment  is  converted  Into  dleldrin.  In  Inhabitants 
of  England,  where  aldrin  Is  broadly  applied,  dleldrin  was  detected 
in  fatty  tissue  at  a  rate  of  0.2  parts  per  million.  This  same 
index  was  also  characteristic  for  the  population  of  the  United 
States. 

For  the  purpose  of  preventing  of  accidents  it  Is  recommended 
that  people,  who  plan  to  apply  aldrin,  be  given  preliminary 
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training,  that  they  wear  protective  clothing,  rubber  gloves  and 
respirators,  and  that  they  Immediately  wash  off  any  preparation 
which  has  gotten  onto  the  skin. 

Heptachlor 

Hfeptachlor  -  5,  6,  7,  8,  8-heptachlorO“3a. 

7,  7a-tetrahydro-4,  7-endomethanoindene: 
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Synonyms:  3,  5,  6,  7,  8,  8a-heptachlorcyclcpentadlene; 

heptachlorotetrahydro-t,  7-methanolndene;  Velslcol-lO^I ;  E-331i<. 

Its  molecular  weight  Is  373.239. 

Heptachlor  -  a  caloroorganlc  preparation  obtained  by  a 
diene  synthesis  reaction.  In  its  pure  form  It  Is  a  crystalline 
substance  with  a  melting  point  of  95-96®.  Technical  heptachlor 
melts  at  46-47®;  the  boiling  point  of  pure  heptachlor  Is  135-145'' 
at  1-1.5  ram  lig.  The  density  of  the  technical  preparation  is 
1.57-1.59.  The  vapor  pressure  is  O.OOO3  mm  Hg  at  25®.  The 
technical  product  contains  67%  heptachlor  and  33X  related  compounds. 
Technical  heptachlor  at  room  temperature  —  a  soft,  wax-llke 
substance  with  a  camphor  odor  and  a  melting  point  of  46.1-73®; 
its  color  is  reddish-brown;  it  dissolve  readily  In  organic 
solvents. 


It  Is  used  In  the  form  of  disinfecting^  powders  containing 
1-lOX  of  this  compound.  In  the  form  of  oil  solutions  up  to  lOJE 
and  In  concentrated  emulsion  form.  Wettable  powders  of  heptachlor 
contain  20-30>;  active  substance,  76-66%  filler,  2%  wetting  agent 
(sulfite  liquor)  and  2%  COP-73  (On-7). 


Keptachlor  was  first  Isolated  from  chlordane  (a  related 
compound).  It  is  highly  toxic  to  insects  in  the  imaginal  and 
prelmaglnal  stages.  Its  insecticidal  properties  are  considerably 
higher  than  (by  4-5  times)  chlordane.  It  is  30-40  times  wore 
toxic  to  common  cockroaches  than  DDT;  its  insecticidal  properties 
with  respect  to  house  flies  are  equal  to  the  gamma-isomer  of 
hexachlorane  (lindane).  It  belongs  to  the  contact  insecticides 
and  in  certain  cases  it  can  be  used  as  a  fumigant  and  as  an 
intestinal  poison. 

heptachlor  is  injurious  to  both  sucking,  and  knawlng  Insects; 
it  possesses  a  less  prolonged  residual  action  than  DDT.  ^ 

Heptachlor  has  been  successfully  used  to  destroy  grasshoppers, 
caterpillars,  root  crop  parasites,  fly  larvae,  cockroaches  and 
mosquitoes.  The  two  ]atter  Insect  forms  rapidly  develop  resistance 
not  only  to  this  preparation,  but  also  to  all  preparations  of 
diene  synthesis. 

With  respect  to  fly  larvae  It  is  effective  at  a  dose  of  I 
25  rag/kg  of  substrate,  which  kills  90-100?  of  the  larvae.  The 
insecticidal  activity  of  heptachlor  Is  2-10  times  less  than  DDT 
depending  on  the  species  of  insects,  and  its  stability  Is  2^ 
times  less  than  DDT;  it  does  not  possess  ovlcldal  properties,  but 
hatching  larvae  can  die  as  a  result  of  being  in  contact  with  a 
surface  treated  with  this  preparation. 

Heptachlor  is  highly  toxic  to  mosquito  larvae:  in  the 
presence  0.025  mg/l  of  this  preparation  destruction  of  Anopheles 
quadrimaculatus  larvae  is  observed  within  24  hours;  Aedes  aegyptl 
larvae  under  these  conditions  are  completely  destroyed  by 
heptachlor  when  present  at  a  rate  of  0,0l6  mg/A. 

According  to  A.  A.  Ivannikova,  lice  die  at  a  rate  of  80-100? 
on  fabrics  treated  with  a  0.5-1?  emulsion  after  5  minutes  of  contact; 
10?  heptachlor  disinfecting  powder  provides  the  aame  lice  mcrtallty 
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rate;  bugs  die  at  a  rate  of  78.5-lOOJJ,  and  cockroaches  at  66.6-100 
after  the  same  duration  of  contact;  the  bugs  die  on  the  2- 3rd 
day,  cockroaches  -  on  the  i|-5th  day.  The  preparation  Is  very 
toxic  to  fleas. 

The  fumlgatlonal  properties  of  heptachlor  are  somewhat 
lower  than  chlordane;  fabric  treated  with  a  0.25?  emulsion  of  the 
preparation  and  then  wrapped  twice  '.n  clean  fabric  cause  of  the 
death  of  88.8?  of  the  lice  Lltuatcw  on  the  surface:  with  a  temper¬ 
ature  Increase  the  fumlgatlonal  properties  of  the  preparation  are 
Increased. 

Insects  poisoned  with  heptachlor  or  dleldrln  do  not  die 
Immediately  after  contact  with  the  poison,  but  after  several  hours 
and  even  after  several  days  (cockroaches).  VVhen  this  preparation 
Is  applied,  they  are  at  first  observed  to  experience  excitation, 
then  loss  of  motor  coordination,  paralysis  and  death. 

To  destroy  cockroaches  application  is  recommended  of  a  0.3? 
(V.  N.  Plyater-Plokhotskaya) ,  and  to  destroy  bugs  -  of  a  0.5? 
suspension  of  heptachlor  or  a  1-3?  emulsion  of  it. 

Sunlight  has  a  less  noticeable  effect  on  heptachlor  than 
on  chlordane;  fabric,  subjected  to  the  effect  of  solar  rays  over 
a  period  of  ^8  hours  2  months  after  being  treated  kills  72?  of 
the  lice  present  after  3  hours  of  contact.  Chlordane  under  these 
same  conditions  ensures  the  death  of  only  52?  of  the  lice,  whereas 
freshly  impregnated  fabric  (with  heptai  lor  or  chlordane)  causes 
complete  destruction  of  the  insects. 

The  residual  action  on  fabrics  treated  with  heptachlor  Is 
retained  without  change  for  3  months  (period  of  observation), 
when  they  are  stored  at  a  temperature  of  5**  and  -1®. 

According  to  source  material,  when  heptachlor  was  employed 
in  California  (the  United  States)  under  practical  conditions 


to  combat  fleas  on  susliks  -  ';arrlers  of  plague  --  good  results 
were  obtained j  a  flea  Index  equal  before  dusting  to  Ill-j3l8  fleas 
per  suslik  decreased  to  2  fleas  per  suslik  and  even  less,  l.e., 
the  mortality  rate  of  the  insects  constituted  more  than 


Keptachlor  is  widely  used  to  destroy  Insects,  which  damage 
useful  vegetation.  It  is  employed  mainly  to  control  the  same  . 
groups  of  pests,  against  which  DDT  and  hexachlorane  are  applied. 
Heptachlor  is  effective  in  combating  ants  in  citrus  orchards.  When 
applied  at  a  rate  of  1.5  kg/ha  the  preparation  ensured  effective 
results  witnln  3  months.  When  treating  field  crops  the  heptachlor 
expenditure  was  equal  to  2-2.5  kg/ha,  when  treating  grain  crops 
it  was  applied  at  a  rate  of  1.2  kg/ha;  under  these  conditions  the 
amount  of  heptachlor  on  the  grain  was  after  1-4  days  1.44-0.55 
mg/kg,  and  after  8-120  days  it  decreased  to  0.01  mg/kg;  its  epoxide 
content  was  0.03-0.15  mg/kg. 


According  to  Barthed  and  Young,  6  months  after  the  application 
of  the  preparation  the  epoxide  content  in  the  soil  is  approximately 
205!  of  the  original  content.  Chlordane  belongs  to  the  poisons 
possessing  intermediate  tc.xlclty  to  warm-blooded  animals. 


V/'hen  orally  administered  dogs  and  rats  heptachlor  is  rapidly 
converted  into  epoxide,  which  accumulates  in  the  fat  of  animals. 
An  analogous  phenomenon  is  also  observed  in  house  flies. 


t 
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heptachlor  is  secreted  from  the  organism  of  lactatlng  animals 
along  with  the  milk.  According  to  Gannon,  insecticides  are 
distributed  in  the  follcwing  manner  in  the  decreasing  order  of 
fieposition  accumulation:  aldrin  (is  liberated  as  dleldrin),  DDT, 
methoxychlor ;  heptachlor  is  liberated  in  the  form  of  epoxide 
(Ye.  I.  Spynu,  V.  I.  Osetrov),  The  epoxide  of  heptachlor  is 
considerably  more  toxic  than  heptachlor. 
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The  observation  of  Bell  and  others  showed  that  In, 1-2  week 
old  calves  the  oral  administration  of  heptachlor  epoxide  is  10 
times  more  toxic  than  heptachlor.  When  both  these  preparations 
are  administered  several  times  they  accumulate  and  cause  poisoning 
in  the  animals.  When  0.2  mg/kg  of  heptachlor  epoxide  is  administered 
over  a  period  of  100  days  (a  total  of  20  mg/kg)  no  injurious 
effects  Were  noted  in  the  calves.  The  symptoms  and  lesions  of 
poisoning  with  heptachlor  and  its  epoxide  are  Identical  to  those, 
which  are  observed  in  poisoning  with  other  cyclic  chlorinated 
hydrocarbons  (V.  I.  Osetrov).  Deposits  heptachlor  epoxide  were 
detected  in  the  fat  of  calves,  treated  both  with  heptachlor  epoxide 
and  also  with  heptachlor.  Bunn  and  others  gave  to  cows  0.5  and 
1  mg/kg  of  heptachlor  epoxide  with  their  feed;  an  analysis  of  the 
fat  showed  that  the  deposits  amount  respectively  to  O.38  and  1.9^ 
mg/kg.  When  heptachlor  was  fed  to  animals  with  their  feed  at  a 
dose  rate  of  5-25  parts  per  million  with  the  subsequent  gradual 
decrease  of  the  dose  rate  to  zero  within  a  period  of  I6  weeks 
no  noticeable  deposits  of  the  preparation  or  Its  epoxide  were 
detected  in  the  fat  of  the  animals.  When  the  dose  was  Increased 
to  30  parts  per  million  over  a  period  of  15  weeks  only  the  deposition 
of  its  epoxide  was  noted  in  the  fat.  At  a  dose  rate  of  60  parts 
per  million  insignificant  deposits  of  the  epoxide  were  noted 
(less  than  2  parts  per  million)  in  the  liver  and  thymus  and  a 

.  V 

greater  deposition  in  the  fat;  heptachlor  itself  was  not  detected 
in  any  of  the  specimens  taken  regardless  of  the  size  of  the  dose. 

Feeding  two  dogs  for  13-21  days  th^ Ir  dally  food  containing 
5  mg/kg  of  heptachlor  caused  death.  When  the  amount  of  the 
preparation  was  decreased  to  1  mg/kg  of  heptachlor  the  dogs  died 
in  265-^2^  days.  When  20  mg/kg  was  applied  to  the  skin  of  rabbits 
each  day  for  1^  days  a  cumulative  effect  was  noted,  which  resulted 
in  the  death  of  the  animals. 


After  feeding  cows  forage  containing  3  mg/kg  of  heptachlor 
for  14  days  heptachlor  epoxide  was  secreted  with  their  milk  at  a 

O 
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rate  of  up  to  1.8  mg/i-,  it  war,  also  detected  in  the  butter  In 
an  amount  approximately  equal  to  mg/kg.  The  secretion  continued 
for  a  period  of  50  days  after  stopping  the  administration  of  the 
preparation. 

It  is  necessary  to  note  that  the  toxicity  of  heptachlor 
to  higher  animals  has  been  Insufficiently  studied.  The  precautionary 
measures  are  the  same,  as  when  working  with  other  insecticides. 

Dieldrin 

Dieldrin  0^2^80^16  “  2,  3,  4,  10,  lO-hexachloro-6,  T-epoxy-l, 

4,  5,  8-diendoraethylene-l ,  4,  4a,  5»  6,  7*  8  8a-octahydronaphthalene: 


Synonyms:  1,  2,  3>  4,  10,  lO-hexachloroexo-6,  7-epoxy-l, 

4,  4a,  5,  8,  8a-hexahydro“l,  4-endo-5,  8-dlmenthanonaphthalene , 
compound-497;  octachlor  and  others.  Its  molecular  weight  is 
380.926. 

It  is  a  solid,  white,  crystalline  substance  without  odor. 

The  pure  preparation  (recrystallized)  contains  99%  dieldrin. 
The  melting  point  is  176-177®.  Dieldrin  contains  1,  2,  3>  5,  10, 
lO-hexachloro-6,  7-epoxy-l,  4,  4a,  5,  6,  7,  8,  8a-octachloro-l, 

4,  5,  B-dinenthylenenaphthalene  (85JC)  and  its  Isomer  1,  2,  n3,  4, 
10,  lO-hexachloro-6,  7-epoxy-l,  4,  4a,  5»  7,  8,  8a-octahydro-l, 

4,  5,  8-ecto-exo-dimethylenenaphthalene;  the  melting  point  of 
the  mixture  of  Isomers  is  150®. 
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Technical  dielclrln  -  flakes  of  soft  consistency,  brownish  Jn 
color  with  a  specific  odor,  Insoluble  In  water,  but  soluble  in 
various  organic  solvents.  It  was  first  synthesized  In  the.  united 
States  In  19^9,  In  Europe  it  began  to  be  applied  in  1953- 

According  to  the  specifications  of  the  Committee  on  Insecticides 
of  the  Universal  Organization  of  Public  Health,  technical  dleldrln 
should  contain  not  less  than  76.555  active  substance;  the  acidity 
based  on  acetic  acid  should  be  a  maximum  of  0.4^;  the  solids  are 
not  soluble  in  xylene,  the  maximum  is  0.5^,  the  water  content 
maximum  Is  0.3!«< 

From  dleldrln  there  are  manufactured  emulsion  concentrates, 

50?  wettable  powders,  1.52  disinfecting  powders  and  0.5^^  solutions. 

The  specific  gravity  is  1.75*  The  vapor  pressure  is  1.8 •10“'^ 
mm  Kg  at  25®.  The  solidification  point  Is  112.77®.  It  is  alkali- 
resistant. 

Dleldrln  —  a  contact  and  intestinal  poison,  possessing  high 
insecticidal  properties  with  respect  to  house  flies  and  other 
arthropods . 

The  preparation  can  be  used  both  as  a  contact  insecticide 
and  as  a  fumigant.  Adult  flies  and  other  insects  are  very  sensitive 
to  dleldrln;  thus,  for  example,  when  0.85-1.1  Mg/g  of  dleldrln 
is  topically  applied  to  house  flies  a  5  2  mortality  rate  is  observed. 

In  using  dleldrln  at  a  concentration  of  In  food  baits 
under  laboratory  conditions  complete  decimation  is  achieved  within 
24  hours;  under  practical  conditions  It  Is  Ineffective  as  an 
intestinal  poison  with  respect  to  flies.  According  to  source 
material.  It  Is  effective  in  controlling  fly  larvae  at  a  dose 
rate  of  2  rag/kg  of  subtrate,  which  kills  942  of  the  larvae.  In 
the  form  of  an  oil  solution  dleldrln  causes  the  death  ojT  Insects 
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at  the  following  concentrations:  bed  bugs  —  0.17!8»  lice  —  0.015% » 
fleas  -  0.032?,  flies  -  0.005?  and  mites  -  0.016?. 

Dieldrin  solutions  applied  to  glass,  plywood  and  wallpaper 

2 

surfaces  at  a  rate  of  2,  1  and  0.5?  dieldrin  per  m  possess 
greater  Insecticidal  effectiveness  with  respect  to  house  fly 
Images  than  aldrin  solutions.  A  higher  fly  mortality  rate  Is 
observed  on  glass  and  plywood,  a  smaller  rate  —  on  wallpaper 
(L.  N.  Pogodina).  It  has  no  effect  on  insect  eggs,  but  hatching 
larvae  can  die  after  coming  In  contact  with  a  surface  covered  with 
the  Insecticide. 

For  controlling ^cockroaches,  fleas  and  moths  It  Is  recommended 
that  a  0.2?,  and  for  controlling  bugs  —  a  0.5%  suspension  of  wettable 
powders  be  employed. 

Oil  solutions  of  dieldrin  destroy  mosquitoes  at  a '0.2?  concen¬ 
tration.  An  aqueous  suspension  is  more  effective  when  used  on 
porous  surfaces.  Under  prac'-lcal  conditions  with  the  application 
to  a  surface  of  0.5-1  g/m  the  destruction  of  mosquitoes  was 
observed  for  7  months.  Under  dry  climatic  conditions  dieldrin 
is  used  in  a  mixture  with  a  resin  called  Arochlor  [Translator's 

'Jote:  English  spelling  two  vmys:  Aroclor];  normal  expenditure 
2 

is  0.2  g/m  ;  the  mortality  rate  of  Aedes  mosquitoes  reaches  100?. 

2 

When  9-25  mg/m  was  applied  to  smooth  surfaces  the  mosquitoes 
died  within  6  hours.  Humidity  Is  of  great  Importance.  It  was 
determined  that  with  90?  relative  humidity  mosquitoes  die  after 
10  minutes,  and  with  30?  humidity  —  after  10  hours. 

In  the  case  when  dieldrin  Is  used  in  the  form  of  granules  to 
kill  mosquitoes  the  minimum  lethal  dose  of  granules  with  1? 
preparation,  when  applied  by  hand.  Is  375  g/ha.  Under  px’actlcal 
conditions  1?  granulated  dieldrin  was  employed  weekly  for  a  period 
of  8  weeks  at  a  rate  of  725  g/ha.  As  a  result  of  such  treatment 
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Anopheles  larvae  vanished  after  the  second  application,  but  the 
Culex  larvae  were  somewhat  more  resistant. 

Dleldrin  on  paper  retains  its  insecticidal  properties  for 

a  considerable  period  of  time;  even  when  filter  paper  was;  Impregnated 

2 

with  only  0.1  mg/cm  the  preparation  ensured  the  complete  destruction 
of  bugs  for  a  period  of  6  months.  Dleldrin  is  70-80  times  more  toxic 
than  DDT  to  cockroaches  and  ^0  times  more  effective  with  respect 
to  flies i  to  fleas  it  is  11  times  more  toxic  than  DDT,  and  to  lice  — 
40  times  (in  an  oil  solution). 

Under  practical  conditions  for  the  purpose  of  destroying  of 
Trombicula  mites  a  single  treatment  with  technical  dleldrin 
at  a  rate  of  2.3  kg/ha  ensured  a  considerable  reduction  in  their 
number,  and  after  5  weeks  on  the  experimental  section  there  was 
in  7o  times  fewer  mites  than  on  the  control  section;  thick 
vegetation  and  rains  did  not  reduce  the  effectiveness  of  the 
preparation  and  the  residual  action  was  preserved  for  8  weeks. 
Apparently,  the  insecticide  was  effective  with  respect  to  all  stages 
of  mite  development,  inasmuch  as  their  number  remained  at  a  low 
level. 

When  dleldrin  was  used  to  control  floors  on  susliks  it  appeared 
that  the  preparation  was  more  effective  in  solution  form  than 
in  the  form  of  disinfecting  powder,  and  it  ensured  the  death  of 
98;^  and  more  of  the  Insects;  the  index  decreased  to  2.04  fleas 
per  suslik  as  compared  to  111-318  befor'.  the  treatment. 

In  Venezuela  dwellings  were  treated  with  only  a  suspension 

2 

of  dleldrin  disinfecting  powder  at  a  rate  of  0.5  and  1  g/m 
to  combat  mosquitoes; the  results  were  very  good  -  the  Insects 
were  seen  to  be  dying  even  toward  the  end  of  the  7th  month.  It 
was  noted  that  the  suspension  was  the  most  effective  on  absorbent 
surfaces. 
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When  dlelcirin  was  usea  In  living  quarters  It  was  applied  to 
surfaces,  like  DDT  and  other  cyclical  Insecticides. 

When  Insects  come  Into  contact  with  the  Insecticide  they 
manifest  symptoms  of  agitation  after  a  latent  period  point  Just  as 
they  do  after  contact  with  chlordane,  toxaphene,  aldrln,  chlorinated 
terpenes,  etc.  After  being  poisoned  the  oxygen  Intake  sharply 
Increases,  almost  like  after  being  poisoned  with  DDT,  methorychlor, 
lindane,  pyrethrin  and  nicotine. 

In  Blattella  germanlca  c^kroaches  the  latent  period  lasts 
several  hours,  and  then  the  oxygen  intake  starts  to  Increase 
approximately  by  5-C  times,  the  oxygen  intake  especially  Increases 
with  the  appearance  of  Increased  sensitivity.  When  paralysis  begins 
the  oxygen  Intake  returns  to  normal. 

A  noticeable  difference  In  the  action  of  dleldrln  as  compared 
to  DDT,  [DDD]  (jmn)  and  methoxychlor  can  be  observed  when  the 
preparation  Is  applied  to  files;  when  the  temperature  Is  Increased 
the  Insects  die  in  greater  numbers;  an  analogous  phenomenon  Is 
also  noted  In  cockroaches  (common). 

After  the  action  of  dleldrln  stimulation  with  an  electrical 
current  of  low  voltage  of  the  femoral  nerve  of  an  American  cock¬ 
roach  causes  a  severe  reaction,  and  the  latent  period  Is  reduced 
by  up  to  2  hours.  The  mechanism  of  the  action  of  dleldrln  Is 
still  unclear.  The  resistance  of  insects  to  this  preparation 
develops  as  a  result  of  breeding.  Flies  which  are  resistant 
to  DDT  are  somewhat  more  resistant  to  dleldrln. 

Dleldrln  Is  used  to  control  Insects,  which,  infest  animals. 

A  treatment  with  a  15  disinfecting  powder  of  the  preparation  at 
a  normal  expenditure  of  12-19  g  per  animal  (cat,  dog  and  others) 
is  effective  for  15  days.  For  the  purpose  of  preventing  fly  bites 


to  sheep  preparations  containing  0.025-0.05/S  dieldrln  are  used. 

When  wool  on  sheep  is  treated  with  0.055S  dleldrin  the  effectiveness 
is  retained  for  a  period  of  ^0  weeks. 

To  combat  to  skin  gadfly  25  mg/kg  of  dieldrln  is  administered 
subcutaneously  in  the  form  of  a  5?  suspension  in  oil.  Two  treat¬ 
ments  with  this  preparation  were  sufficient  to  protect  the  animals 
for  a  whole  season  (Hypodorma  llneatum). 

Lipson  and  others  have  shown  that  0.05^  of  dieldrln  per 
weight  of  wool  protects  it  from  moths;  the  preparation,  thus,  is 
an  effective  anti-moth  agent,  and  It  retains  its  effectiveness 
both  after  washing,  and  also  after  dry  cleaning  (the  activity 
does  not  disappear  after  a  1  1/2-hour  washing  and  in  one  hour  of 
dry  cleaning). 

The  preparation  has  obtained  wide  application  In  agriculture: 
in  controlling  the  locust  and  the  Colorado  beetle  0.01J5  emulsion 
applied  at  a  rate  of  6?  Ji/ha  kills  the  larvae  after  ^<8  hours; 
to  kill  the  beetles  a  somewhat  higher  expenditure  of  liquid 
per  ha  was  required.  The  wireworm  dies  with  the  application  of 
2-3  kg/ha  (treatment  of  the  surface  layer).  To  kill  ants  it  is 
sufficient  to  apply  several  grams  of  2?  preparation  to  the  anthill, 
dieldrln  was  also  effective  in  controlling  rice  water  weevils  when 
applied  at  a  rate  of  0. 6-1.1  kg/ha;  with  the  use  of  an  emulsion 
at  a  rate  of  0.5-1  kg/ha  rice  pests  v/ere^completely  destroyed  for 
a  period  of  9-10  weeks.  The  preparation  is  also  effective  in 
combatting  the  cabbage  fly,  plum  tree  pests,  the  red  locust  and 
others . 

Dieldrln  is  toxic  to  white  rats  at  an  amount  of  50-75  mg/kg, 
and  to  sheep  and  pigs  -  at  about  50  tag/kg. 

Dieldrln  can  get  into  the  organism  of  the  higher  animals 
through  the  skin,  mouth  and  during  respiration  [inhalation].  The 
relative  toxicity  of  dieldrln  applied  to  the  skin  can  be  considerably 
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higher  than  when  orally  ac..il.ilstered.  The  greatest  danger  Is 
presented  by  Its  penetration  through  the  skin  of  animals.  Its 
acute  toxicity  Is  approximately  3  times,  and  chronic  (oral  adminis¬ 
tration)  Is  ^-100  times  higher  than  DDT  toxicity.  When  the 
preparation  Is  repeatedly  administered  Its  toxicity  Is  30  times 
higher  than  DDT  toxicity. 

The  administration  to  white  rats  for  l8-2^  months  of  dleldrln 
with  their  food  containing  2.5,  12.5  and  25  mg/kg  did  not  produce 
a  noticeable  difference  In  the  mortality  rate  of  the  animals  as 
compared  to  the  control  animals..  The  muscular  vigor  of  the  female 
and  male  rats  was  reduced  as  compared  to  the  vigor  of  the  control 
group  of  animals i  a  certain  enlargement  In  the  liver  was  observed. 

V/hen  white  rats  were  fed  for  a  period  of  2  years  feed  contain¬ 
ing  12.5  mg/kg  of  dleldrln  a  great  Increase  In  the  we.lght  of  the 
liver  was  noted  as  compared  to  the  weight  increase  of  the  other 
tissues.  Dogs  are  more  sensitive  to  dleldrln  than  are  rats;  to 
kill  them  It  Is  sufficient  to  feed  them  food  containing  25  or 
50  ug/kgi  the  majority  of  dogs  die  within  several  days,  an  individual 
animal  dies  after  ^5  days.  When  the  dose  rate  of  dleldrln  Is 
reduced  to  10  mg/kg  dogs  live  up  to  9  months.  In  dogs  dying 
as  a  result  of  eating  dieldrin  with  their  food,  there  are  observed 
degenerative  changes  in  the  brain,  liver  and  kidneys. 

Chicks  receiving  feed  containing  50  mg/kg  of  dieldrin  die 
within  90  daysi  when  the  dose  rate  is  decreased  to  25  mg/kg  the 
birds  die  within  6  months.  Laying  hens  accumulate  the  greatest 
amount  of  dieldrin,  however  the  dleldrln  content  In  their  eggs 
Is  insignificant. 

Dleldrln  causes  poisoning  when  a  0.25%  solution  of  the 
preparation  Is  cutaneously  applied  to  young  calves,  lambs  —  39^ 
solution,  horned  cattle  -  2%  solution,  sheep  and  goats  -  4!! 


solution.  Lower  concentrations  do  not  cause  toxic  symptoms.  When 
orally  administered  the  preparation  causes  poisoning  in  young 
calves  at  a  dose  rate  of  10  ing/kg,  in  pigs  -  50  mg/kg,  sheep  and 
goats  —  25  rag/kg  and  in  horses  at  a  dose  rate  of  25  mg/kg.  When 
dieldrln  gets  into  the  animal  organism  8-146  mg/kg  of  the  prepara¬ 
tion  is  detected  in  the  fat  and  4. 9-8. 3  mg/t  of  the  preparation 
is  detected  in  the  milk.  Dieldrln  deposits  dissipate  slowly; 
after  16-24  weeks  the  amount  of  preparation  decreases  in  the 
fat  to  1  mg/kg,  and  In  the  milk  to  decrease  its  content  to  0.2 
mg/l  3  weeks  are  required. 

After  treating  pastures  at  a  rate  of  0.5-3  kg/ha  lactatlng 
cows  are  observed  to  secrete  the  preparation  with  their  milk 
in  the  c^ounc  of  5-4  mg  per  l-,  the  maximum  content  of  dieldrln 
in  milk  Swas  noted  between  the  3rd  and  7th  day.  Aldrin  Is  secreted 
with  milk  for  a  period  of  more  tnan  100  days  after  it  has  ceased 
entering  into  the  animal  organism.  Certain  researchers  studied 
the  possibility  of  administering  the  insecticide  to  mannals  for 
the  purpose  of  destroying  parasites  feeding  upon  their  blood,  but 
this  has  not  found  wide  application. 

In  acute  ,  .soning  the  most  characteristic  symptoms  are 
Increased  excitability,  ne.’vous;.„os ,  a  low  rate  of  salivation, 
spasms  in  various  muscles  (first  in  the  neck  and  snout),  which 
intensify  until  they  change  into  convulsions  at  which  time  there 
is  observed  profuse  salivation,  and  the  animals  emit  loud  sounds. 
The  period,  during  which  such  symptoms  ;ome  on,  lasts  from 
several  hours  to  several  days. 

In  experiments  on  animals  it  has  been  shown,  that  without 
therapy  severe  poisoning  Is  always  fatal,  and  the  poisoning  is 
characterized  by  convulsions,  complete  rejection  of  food  and  rapid 
loss  of  weight.  After  recovery  the  return  of  convulslcns  is 
sometimes  observed.  The  resistance  of  animals  Increases  with  age, 
with  the  exception  of  sheep. 
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At  tne  time  of  death  the  temperature  of  the  animal  can  Increase 
sharply.  Dissection  shows,  that  the  mucous  membranes  are  usually 
cyanotic,  there  are  accumulations  of  saliva;  the  Intestine  Is 
palei  the  liver  and  kidneys  are  Inflamed;  sometimes  hemorrhage 
is  observed  at  the  site  of  connection  of  the  abomasum  with  the 
rest'  of  the  stomach;  Inflammation  of  the  intestines  is  rarely 
encountered,  these  almost  always  hemorrhage  in  the  lower-  segment 
of  esophagus,  dense  hemorrhage  is  noted  in  the  endocardium; 
the  lungs  are  usually  highly  inflamed  and  edematous.  Upon  micro¬ 
scopic  examination  attention  was  attracted  to  the  generalized 
turbid  swelling  of  the  majority  of  organa;  the  most  severe  action 
of  dieldrln  is  noted  in  the  renal  tubulbs,  where  vacuoles  and 
other  degenerative  processes  appear.  Frequently  there  is  observed 
proliferation  of  the  capular  epithelium  with  exfoliation;  in  the 
liver  cells  there  are  vacuoles  with  subsequent  necrosis,  but 
after  a  longer  period  than  in  the  kidneys. 


Atropine  is  used  in  the  treatment  of  the  poisoned  animals 
but  its  action  rapidly  passes  and  it  does  not  protect  the  poisoned 
aniials  when  it  is  administered  30  minutes  before  the  introduction 
of  dieldrln.  The  recommended  dose  of  atropine  for  animals  poisoned 
with  dieldrln  is  about  0.0013  g/kg;  for  the  synthetic  derivative 
paraverlne  --  0.017  g/kg;  both  these  doses  are  maximum. 


Degree  of  poisoning  depends  on  the  concentration  of  the 
solution,  the  size  of  the  openings  in  the  skin,  the  duration  of 
contact  and  absence  of  prophylactic  measures.  In  humans  symptoms 
of  poisoning  are  observed  from  a  dose  of  30  mg/kg.  There  is  a 
report  about  20  cases  of  poisoning  in  humans,  19  of  whom  either 
prepared  or  sprayed  a  dieldrln  suspension.  Workers,  who  had 
previously  become  accustomed  to  working  with  DDT  and  hexachloranf , 
did  not  alvmys  take  the  necessary  precautionary  measures  —  they 
did  not  put  on  gloves  when  mixing  suspensions  or  when  pouring 
the  powder  from  the  package  into  the  water  (to  combat  mosquitoes), 
they  did  wear  protective  clothing  or  masks,  after  work  they  did 
not  wash  wi:;h  water  and  soap  and  so  forth. 
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From  the  human  organism  dleldrln  Is  excreted  with  the  urine 
In  the  form  of  two  polar  chlorinated  metabolites  (l.e..  In 
modified  form). 

A  definite  sequence  Is  noted  in  the  symptomatology:  poisoning 

starts  with  a  headache,  general  lethargy,  dizziness,  tendency  to 

awaat,  ^oss  of  consciousness  and  muscle  tremors;  then  the  | symptoms 

Inoreas^,  convulsions  appear  several  times  each  day  with  the  loss 

of  cons(^lousness  for  up  to  2  hours. 

I 

I 

A  base  Is  known,  where  two  men  drank  from  a  bucket.  In  which 
dleldrln  had  previously  been  stoi’ed;  they  drank  only  a  few  swallows, 
because  they  suddenly  realized  their  mistake.  Within  a  few 
hours  ttiey  began  to  sweat,  they  had  spasms  with  the  loss  of  con¬ 
sciousness.  There  are  uata  that  the  attacks  can  recur  for  a  period 
of  3  months. 

Source  material  cites  a  case  where  a  Q*month  old  child  was 
poisoned  with  dleldrln  disinfecting  powder;  the  child  died  20  hours 
after  being  poisoned. 

Poisoning  has  not  been  observed  in  people  working  with  this 
preparation  for  le.ss  than  months,  but  mainly  after  8  months  or 
more.  Those  affected  usually  have  disturbed  sleep;  in  severe 
cases  of  poisoning  spasms  and  loss  of  consciousness  appear, 
epileptlc-llke  attacks  are  also  observed. 

To  prevent  chronic  poisoning  It  is  recommerided  that  prophylactic 
examinations  be  carried  out  on  those  people  who  work  with  this 
preparation. 

Isodr In 

Isodrln  -  ~  lO-hexachloro-l,  ^la, 

5,  8,  8a-hexahydro-l,  l|-endo,  endo-5,  S-dlmethanonapthalone: 


\ 
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Molecular  weight  Is  36^.9^* 

Isodrin  -  a  stereoisomer  of  aldrln,  one  of  the  group  of 
insecticides  obtained  by  a  diene  synthesis  reaction.  Isodrin  -  a 
contact  insecticide  with  properties  close  to  aldrin,  but  Its 
tcxlclty  to  Insects  and  warm-blooded  animals  Is  higher  than  the 
toxicity  of  aldrin. 

Isodrin  is  comprised  of  hard  white  crystals  with  a  melting, 
point  of  240-242°  (it  begins  to  decompose  at  temperatures  higher 
than  100°),  It  Is  virtually 'Insoluble  in  water.  Is  soluble  in 
aromatic  solvents,  for  example  17  g  of  isodrin  dissolve  in 
100  mi  of  acetone  at  25®,  i38g  —  In  100  mt  of  benzene,  3*3  E  of 
the  preparation  -  in  100  al  of  carbon  tetrachloride,  etc. 

The  preparation  is  produced  in  certain  countries  (Canada, 
England,  the  United  States  and  others )  in  the  form  of  a  19? 

Ciiiulslon  concentrate  of  25?  wettable  powder. 

Isodrin  is  mainly  utilized  to  protect  agricultural  plants. 

V/hen  applied  as  an  intestinal  poison  against  tobacco  pests  Isodrin 
is  8C  times  more  active  then  other  preparations  recommended  for 
tnis  purpose.  Isodrin  can  be  used  to  destroy  everyday  parasites 
ana  carriers  of  infectious  diseases  outside  living  and  working 
areas.  The  death  of  50?  of  house  flies  is  attained  with  a 
topical  application  of  2  mg  per  Insect.  A  quadrimaculatus  mosquito 
larvae  have  100?  mortality  rate  xn  the  presence  of  1  mg/t  of  the 
preparation  ana  70?  in  the  presence  cf  0.1  mg/t  of  Isodrin. 
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L.  I.  Golokhov  used  Isodrln  in  bronchial  asthma  therapy j 
20  patients  were  treated  2  times  a  day  by  having  them  Inhale 
(during  attacks)  a  0.5?  solution  of  Isodrln  In  the  form  of  aerosols 
at  a  dose  rate  0.5-1  g  for  7-10  minutes;  the  duration  of  the 
therapy  was  10-35  days.  According  to  the  author,  isodrln  has  a 
rapid  and  prolonged  inhibitory  effect,  improves  the  function  of 
external  respiration  and  decreases  the  symptoms  of  respiratory 
inaufflciency.  removes  the  pathological  reflexes,  improves  the 
bronchial  passages. 

The  following  side  effects  were  noted:  moderate  tachycordla, 
an  increase  In  the  pulse  rate  and  increase  in  arterial  pressure. 

In  our  opinion,  this  experiment  should  be  repeated  with  great 
caution  because  Isodrln  Is  a  highly  toxic  compount  to  man;  only 
after  a  thorough  check  is  It  possible  to  resolve  the  question  of 
the  expendlency  of  Its  use  for  this  goal. 

Isodrln  is  very  toxic  to  the  higher  animals.  Thus,  for  example, 
when  orally  administered  the  minimum  lethal  dose  for  rats  Is 
5-7  mg/kg,  for  rabbits  -  3-^  mg/kg.  When  9^-250  mg/kg  of  the  dry 
preparation  is  applied  to  the  sheared  skin  of  rabbits  under  a 
rubber  dressing  the  death  of  the  animals  :.s  observed  within 
1.5-11  days.  When  Introduced  with  feed  containing  12  mg/kg  of 
Isoarln,  902  of  the  chicks  (.  le  within  42  days. 

Kepone 

Kepone  —  C^^qCI^qO  -  1,  2,  3»  5,  b,  7,  3,  9,  10,  10-decachloro- 

(5,  2,  1,  0^*^,  0^'^,  0^’^)-decano-4-0H  -  a  chlorc^., ganlc  Insecticide 
of  unique  construction  being  an  assemblage  of  a  chlorinated 
polycyclic  ketone  with  a  cage-typt?  structure.  It  Is  a  highly 
effective  preparation  in  controlling  cockroaches,  ants  and  other 
Insects;  It  Is  distinguished  by  Its  prolonged  residual  effect. 


It  differs  conslderai  ly  from  the  other  chloroorganlc  Insecticides 
In  that  It  destroys  Insects  like  the  Colorado  beetle «  which  are 
actually  resistant  to  all  the  hydrocarbons.  Kepone  possesses  not 
only  insecticidal,  but  also  fungicidal  properties. 

The  preparation  Is  stable  up  to  temperatures  of  350®  and  is 
almost  insoluble  in  water. 

When  a  5!5  solution  of  kepone  in  sunflower  oil  is  administered 
orally  the  LD^q  for  male  white  rats  is  equal  to  135  mg/kg,  and 
for  male  dogs  —  ab(.ut  250  mg/kg. 

Kepone  is  manufactured  in  the  form  of  pellets  containing 
0.125^  active  substance  in  combination  with  Insect  attractants. 

These  baits  are  considerably  less  toxic  than  the  broadly  applied 
baits  containing  thallium  sulfate,  sodium  arsenlte  and  phosphorus. 

At  the  present  time  it  is  used  in  the  United  States  against  field 
ants  and  common  cockroaches.  The  duration  of  its  action  against 
ants  is  6  months  after  which  it  is  necessary  to  conduct  another 
treatment.  The  pellets  are  put  in  nests  (1-2  tablespoons  at  a 
depth  of  15-30  cm)  and  they  are  scattered  around  buildings.  The 
dose  against  cockroaches  is  2-3  tablespoons  (^10-60  g)  for  each 
infested  site. 

Kepone  -  a  slow  acting  poison,  therefore  it  is  best  to  apply 
it  as  an  additive  to  ordinary  spray  mixtures.  Due  to  its  prolonged 
action  it  has  a  great  advantage  over  other  pesticides  and  the 
possibility  of  the  appearance  of  populations  (developing  from 
individuals  remaining  alive)  resistant  to  it  is  almost  excluded. 

Chlordane 

Chlordane  -  Cj^qH^CIq  -  1,  2,  5,  6,  7,  8,  8-octachloro-2, 

3,  ^a,  7,  7a-hexahydro-^ ,  7-methanolndene : 
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Synonyms:  Velslcol-1068,  CD-68,  octachlorodihydrodlcyclo- 
pentadlene.  Its  molecular  weight  is  409.8. 

It  Is  a  viscous,  brown  odorless  liquid,  containing  60-75i? 
chlorine.  Its  bollinE  point  Is  175®  at  2  mm  Hg,  155-160®  at 
0.5-1  mm  Hg.  Its  specific  gravity  at  25®  is  1.59-1.63.  Its 
refraction  is  1.56-1.57.  Its  vapor  pressure  Is  1.10"^  mm  at 
25°.  It  Is  insoluble  In  the  water,  but  soluble  In  many  organic 
solvents i  the  best  of  these  are  xylene  and  kerosene.  Chlordane 
contains  a  considerable  number  of  admixtures  —  24-40?  consisting 
of  compounds  related  to  It.  Chlordane  Is  unstable  In  an  alkaline 
medium. 

Chlordane  -  the  simplest  insecticidal  preparation  obtained 
from  hexachlorocyclopentadiene.  The  active  agent  of  this 
preparation  Is  octachloro-cndomethyl^ne-tetrahydrolndane.  The 
tecimical  product  is  a  mixture  of  several  related  substances  -  the 
alpha-,  beta-lsomers  of  chlordane  and  other  compounds  related  to  it. 

The  alpha-  and  beta-lsomers  of  chlordane  and  related  compounds 
are  white,  crystalline,  solid  products;  the  first  two  can  be 
chromatographlcally  partltio'ied  by  alumina.  Refined  heptachloi 
Is  2  times  more  toxic  to  higher  animals  than  technical  chlordane; 
it  Is  4-5  times  more  insecticidal  than  technical  chlordane.  Trans- 
chlordane  (beta-chlordane)  Is  10  times  more  toxic  than  cls-chlordane 
(alpha-cnlordane) ,  but  its  insecticidal  effectiveness  is  lower 
than  heptachlor. 

According' to  the  rules  established  by  the  Committee  on 
insecticides  of  the  Universal  Organization  of  Public  Health,  the 
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product  produced  by  Industry  must  contain  60-75!^  1»  2,  5»  6, 

7,  8,  8-octachloro-3a,  7,  7a-tetrahydro-^ ,  7-methanoldane  and 
25-40i«  other  related  compounds  usually  formed  in  the  productive 
process.  It  must  have  the  form  of  a  viscous  liquid,  free  from 
impurities  or  introduced  modifying  agents. 

Technical  chlordane  should  be  stored  only  in  aluminum  or 
aluminum-coated  steel  containers,  or  containers  from  phenol 
plastics  pressed  at  high  temperature,  or  enameled  metallic  containers. 

Chlordane  can  be  used  in  the  form  of  an  oil  solution,  emulsion, 

concentrate,  disinfecting  powder  or  wettable  powder.  Suitable 

solvents  are  kerosene,  fuel  oil,  mineral  spirits,  xylene  and 

methyl-naphthalene  (K.  A.  Gar,  S.  D.  Volodkovich,  L.  G.  Vol'fson). 

In  preparing  emulsions  nonalkaline  emulsifying  agents  dissolved 

in  oil  are  used.  It  is  highly  toxic  to  flies,  cockroaches  and 

mosquitoes.  When  chlordane  is  topically  applied  the  LD-n  for 

bu 

house  flies  is  4  pg/g. 

For  combatting  flying  insects  the  following  formula  has 
been  suggested;  0.2J  (weight  to  volume)  chlordane  with 
pyrethrin  (to  bring  about  fast  paralysis  in  the  insects)  in 
kerosene;  for  crawling  insects  (bugs,  cockroaches)  —  2X  solution 
in  kerosene,  this  solution  ensures  a  high  mortality  rate  for 
insect  ana  under  appropriate  conditions  it  possesses  residual 
activity,  preventing  new  infestation  for  at  least  2  months. 

In  preparing  insecticidal  disinfecting  powder  either  pyro- 
phyllite  or  talc  is  useu.  The  filler  is  mixed  with  chlordane  at 
a  rate  of  up  to  50%  of  preparation  by  weight. 

Chlordane  possesses  a  positive  temperature  coefficient; 
for  example,  when  it  is  applied  against  house  flies  its  insecticidal 
properties  increase  according  to  the  Increase  in  temperature. 
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Chlordane  Is  considerably  more  toxic  than  DDT  to  common  cock¬ 
roaches  —  to  destroy  50>S  of  the  Ir.sects  over  a  period  of  120  hours 
38  PC  of  DDT  are  required  per  g  of  weight,  whereas  chlordane  provides 
analogous  results  at  a  dose  rate  of  1^1  yg/g;  to  kill  95/S  of  , the 
cockroaches  within  the  same  time  period  ^<0  pg  of  DDT  or  25  pg 
of  chlordane  Is  required.  When  chlordane  Is  applied  to  a  wall 

2 

at  a  rate  of  1  g/m  oriental,  common  and  American  cockroaches 
continue  to  be  killed  for  a  period  of  8  weeks  after  20  minutes 
of  contact.  To  approximately  the  same  degree  that  chlordane 
Is  toxic  to  common  cockroaches.  It  Is  toxic  to  house  flies  to 
obtain  a  mortality  rate  of  953  a  0.25  solution  of  DDT  or  a  0.053 
solution  of  chlordane  Is  required.  The  median  lethal  dose 
bringing  about  the  death  of  503  of  the  flies.  Is  equal  for  DDT 
to  0.053  and  for  chlordane  -  0.023. 

When  applied  to  a  wall  at  a  rate  of  2  g/m^  Aedes  aegyptl 
are  observed  to  die  for  a  period  of  4  weeks.  The  fourth  stage 
larvae  of  the  Anopheles  mosquito  are  equally  sensitive  to  DDT, 
hexachlorane,  chlordane;  an  application  of  0.01  ug/t  leads  to  the 
aeath  of  1003  of  the  Insects  within  a  period  of  48  iiours. 

According  to  source  material,  chlordane  is  effective  In 
oil  solutions  at  the  following  concentrations;  for  bed  bugs  -  0.953, 
for  lice  -  0.113,  for  fleas  -  O.333,  for  flies  -  O.O363,  for 
Aedes  mosquitoes  -  1.43,  for  Ornlthodorus  mites  -  0.223.  For 
house  fly  larvae  It  Is  one  of  the  toxic  preparations:  the  median 
lethal  concentration  for  third  stage  la' vae  In  the  substrate  is 

23  ng/kg,  when  a  13  emulsion  is  used  at  a  rate  of  150  and  300 

2  '■ 

Jne/fn  .  973  of  the  flies  did  not  hatch;  an  analogous  effect  was 

obtained  as  a  result  of  the  application  of  53  disinfecting  powder 
at  a  rate  of  300  mg/m^. 

The  stability  of  chlordane  Is  small  -  when  filter  paper  was 

2 

impregnated  at  a  rate  of  0.1  mg/cm  ,  1003  of  the  bugs  died  only 
during  the  first  3  days  and  toward  the  end  of  the  6th  month  -  a 
total  of  263.  When  the  Impregnation  dose  was  increased  to  0.5  mg/cm^ 
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the  results  Improved  and  the Jr  complete  destruction  was  observed 
for  10  daysi  after  a  month  It  had  decreased  to  982,  after  3  monf^  s  — 
to  922,  and  toward  the  end  of  the  6th  month  —  to  592*  When  applied 
to  the  surfaces  of  buildings  with  respect  to  mosquitoes  DDT 
preparation  has  the  most  prolonged  insecticidal  properties,  the 
least  prolonged  —  hexachlorane,  chlordane  occupies  an  intermediate 
place.  Thus,  although  chlordane  also  surpasses  DDT  with  respect 
to  lice,  flies,  cockroaches  and  mites  in  its  effectiveness,  with 
respect  to  stability  it  is  considerably  inferior  to  it.  Chlordane 
upon  reaction  with  alkalies  gives  up  chlorine  and  loses  its 
insecticidal  properties. 

According  to  A.  A.  Ivannikova,  chlordane  provides  a  mortality 
rate  of  80-1002  of  the  lice  with  the  use  of  a  0.5-12  emulsion  or 
102  disinfecting  powder  aftei^  5  minutes  of  contact;  the  preparation 
does  not  possess  insecticidal  properties;  the  death  of  79-1002 
of  the  bugs  ensues  as  a  result  of  the  application  of  102  disinfecting 
powder  after  5  minutes  of  contact;  at  this  exposure  66.6-1002  of 
the  cockroaches  die;  the  bugs  die  on  the  2-3rd  day  after  contact, 
and  cockroaches  -  on  the  ^-5th  day.  Chlordane  possesses  considerable 
furaigatlonal  properties;  fabric  treated  with  a  0.252  emulsion  of 
tlie  preparation  and  wrapped  in  4  layers  of  other  clean  fabric 
causes  the  death  of  95:»  of  the  lice  after  15  minutes  of  contact 
on  the  upper  layer  of  fabric,  where  the  fumigational  properties 
are  in  direct  dependence  on  the  temperature. 

Solar  rays  noticeably  decrease  the  effectiveness  of  chlordane; 
so  that,  after  the  action  of  solar  rays  for  a  period  of  ^8  hours 
the  fabric  (after  2  months  of  storage)  provlJes  the  death  of  only 
522  of  the  lice  after  3  hours  of  exposure,  whereas  on  freshly 
treated  fabric  the  mortality  rate  at  this  exposure  reached  1002. 

V/ith  the  application  to  fabric  of  0.252  emulsion  the  effectiveness 
was  maintained  (at  a  temperature  of  from  5®  to  -1®)  for  a  period 
of  3  months  (period  observation). 
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Chlordane  is  highly  toxic  to  bees;  with  the  application  of 
1.7  Mg  of  preparation  per  insect  death  is  observed  in  90%  of  the 
cases. 

Chlordane  is  effective  when  it  is  used  to  protect  soil  from 
termites;  the  application  1-2%  oil  solutions  or  2%  aqueous  emulsions 
at  a  rate  of  3-6  per  -m  of  soil  provided  protection  for  ^-5 
years;  an  aqueous  emulsion  of  the  preparation  does  net  damage 
plants,  if  it  is  applied  at  a  distance  of  30  cm  from  tne  roots. 

The  stability  of  chlordane  in  different  soils  is  not  the 
same:  in  some  soils  when  11.5  hg/ha  is  applied  its  content  after 
a  year  is  8^55,  and  after  ?  years  -  502;  in  other  soils  even  after 
a  year  only  23%  remains,  and  after  2  years  —  102.  According  to 
Fleming  and  others,  in  soil  after  3  years  there  is  detected  122 
of  the  chlordane  and  after  ^  years  -  52  of  the  applied  amount.  It 
was  noted  that  the  more  organic  matter  there  is  in  soils,  the 
shorter  is  the  period  of  retention  of  the  preparation  in  the 
soils.  No  kind  of  relationship  has  been  established  between  residual 
chlordane  and  the  elements  of  the  soil,  with  the  exception  of 
nitrogen,  which  is  -associated  with  the  organic  substances.  After 
;he  application  of  chlordane  and  dielarin  to  soil  neither  of  these 
preparations  were  detected  in  potatoes  taken  from  this  plot.  The 
penetration  of  these  preparations  into  other  plants  was  noted. 

In  a  study  of  the  effect  of  chlordane  on  the  microflora  of  soil 
it  was  established  that  it  had  no  significant  toxic  effect  neither 
on  bacteria  nor  on  mold.  ^ 

Chlordane  is  widely  applied  against  various  pests  of  agricultural 
crops,  but  it  is  not  recommended  that  it  be  sprayed  on  grasses 
while  they  are  germinating  and  ripening  or  that  it  be  used  to 
treat  forage,  which  is  going  to  be  fed  to  animals  and  birds. 

In  connection  with  its  strong  fumigational  properties  and 
toxicity  it  is  not  recommended  that  chlordane  be  widely  applied 
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In  dwelllnf^s;  it  can  be  us  cl  treat  ex'er’lor  surfaces  of  buildings 
and  the  territory  around  buildings. 

Inasmuch  as  chlordane  is  absorbed  by  intact  skin  it  is 
unsuitable  for  the  treatment  of  scabies  or  for  the  extermination 
of  iiead  lice.  Chlordane  is  also  absorbed  by  the  gastrointestinal 
tract  and  penetralos  through  the  lungs. 

In  its  tonicity  to  warm-blooded  animals  chlordane  is  1  1/2-^ 
times  more  toxic  than  UDT  to  rats.  According  to  source  material, 
tiic  meulan  lethal  dose  for  the  acute  poisoning  of  the  latter  is 
froi:i  20  to  700  mg/kg. 

According  to  h.  A.  Sazonova,  v/lth  a  single  oral  administration 
of  tiie  preparation  in  an  oil  solution  a  lOu;*  mortality  rate  of 
the  animals  is  caused  for  cats  by  50  mg/kg,  for  v;hite  rats  —  by 
700  mg/kg  of  the  preparation.  Chlordane  in  an  oil  or  alcohol 
solution  is  readily  absorbed  through  the  skin  and  is  toxic  to  the 
sane  degree,  as  wnen  orally  administered.  Moreover,  there  Is  a 
definite  danger  of  chronic  intoxication,  therefore  chlordane  must 
be  used  very  carefully  and  it  is  necessary  to  refrain  from  using 
it  to  control  ectoparasites  of  man  and  animals.  The  rubbing  of 
it  into  the  skin  causes  dermatosis.  Repeated  treatments  at  i 
dose  rate  of  40  mg/kg  and  a  four-fold  application  of  6-8  drops 
of  1.5  and  emulsion  and  suspension  of  chlordane  are  dangerous 
and  even  lethal  for  large  and  small  horned  cattle;  the  preyiaration 
is  more  toxic  to  young  animals  than  to  adults.  Chlordane  is  a 
nerve  poison  and  affects  the  central  nervous  system. 

Cnlordane  -  one  of  the  most  dangerous  chlorinated  hydrocarbons , 
In  the  acute  poisoning  of  experimental  animals  there  are  observed 
changes  in  the  lungs,  irritation  of  the  gastrointestinal  tract, 
increased  excitability,  muscular  tremor,  convulsions  and  death. 

Ihe  preparation  possesses  cumulative  properties  and  Induces 
chronic  poisoning.  The  prolonged  feeding  of  animals  with  food 
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containing  1-5  mg/kg  of  chlordane  inhibits  growth,  causes  patho¬ 
logical  changes  in  the  liver  and  death  among  the  offspring.  It 
stimulates  respiration,  changes  the  morphological  composition  of 
the  blood.  The  prolonged  application  to  rabbits  of  dressings 
Impregnated  with  a  aqueous  emulsion  of  chlordane  causes  toxic 
symptoms  and  the  death  of  the  animals j  the  application  of  dressings 
Impregnated  with  a  0.25!^  emulsion  (aqueous)  is  harmless. 

With  the  daily  spraying  of  2  g  of  active  substance  of  an 
aqueous  emulsion  of  chlordane  per  nr  of  air  for  20  days  into  the 
respiratory  organs  of  animals  there  are  observed  considerable 
lesions.  V/lth  the  dusting  of  10^  disinfecting  powder  of  chlordane 
at  a  rate  of  10-20  g/m  of  the  cage  floor  (practically  recommen  3d 
concentration)  12  times  per  day  for  15  minutes  each  time  for  a 
period  of  10  days  in  the  respiratory  organs  of  rabbit  pathological 
changes  were  observed  (N.  A.  flazonova). 

V/lth  the  daily  oral  administration  to  rabbits  of  25  mg/kg 
each  day  for  15  days  no  symptoms  of  intoxication  were  observed; 
increasing  the  dose  caused  the  death  of  60^2  of  the  animals.  V/ith 
the  administration  to  dogs  of  6  mg/kg  dally  for  a  period  of 
32-72  weeks  death  did  not  occur  among  them,  but  upon  hystological 
examination  changes  in  the  llve^  were  detected.  Feeding  the 
dogs- food  containing  600  mg/kg  of  chlordane  caused  the  death  of 
the  animals  in  a  week. 

The  four-foiu  spraying  or  the  S-S-f-sld  submersion  in  1.5-2^ 
emulsion  or  suspension  was  fatal  for  goats,  sheep  and  large 
horned  cattle.  Large  cattle  can  endure  1-2-slngle  bathings  or 
sprayings  with  a  2X  emulsion  at  2-W3ek  intervals,  but  they  can 
be  killed  by  a  third  treatment.  Freshening  cows  can  also  be 
killed  when  sprayed  with  a  1)2  emulsion. 

Chlordane  is  more  toxic  to  man  than  DDT,  and  when  used  it 
is  necessary  to  take  precautionary  measures:  to  avoid  inhalation 
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of  its  vapors,  letting  the  dl., infecting  powders  get  in  contact 
with  the  skin,  etc.  With  the  combined  effect  of  chlordane  on  the 
skin  and  on  the  respiratory  organs  the  severity  of  the  poisoning 
increases,  the  cumulative  properties  are  Increased,  and  the 
symptoi.is  of  poisoning  appear  later.  Frequently  the  symptoms  for 
an  early  determination  of  the  developing  poisoning  are  absent. 
Chlordane  is  readily  absorbed  by  the  skin,  the  mucous  membrane 
of  the  gastrointestinal  tract  and  the  respiratory  tract.  It  is 
more  toxic  than  DDT  when  applied  to  the  skin.  The  skirt  readily 
absorbs  solutions  and  lusts.  Chlordane  can  be  desorbed  from  any 
form  of  mixtures  containing  it.  The  physical  state  and  nature  of 
the  solvent  has  an  effect  on  absorption.  Dry  preparations  are 
not  less  dangerous  for  the  skin  than  those  dissolved  in  oils. 

The  preparation  causes  skin  irritation.  Wettable  powders  have 
comparatively  high  toxicity  and  are  dangerous  when  applied  repeatedly. 
Chlordane  is  very  dangerous  when  used  to  dust  human  clothing  to 
destroy  lice.  It  is  also  noc  recommended  to  use  it  to  treat 
animals  by  submerging  them  in  its  solution  to  destroy  ectoparasites, 
since  the  diffei’ence  between  a  lethal  dose  for  insects  and  warm¬ 
blooded  animals  is  very  small. 


Chlordane  stimulates  the  central  nervous  system,  but  the 
precise  mechanism  of  its  action  is  unknown.  Poisoned  animals 
lose  their  appetite  simultaneously  with  the  appearance  of  such 
neurological  symptoms,  as  raised  excitability  and  tremor.  There 
are  no  exact  data  about  its  distribution  in  the  tissues  of  animals; 
there  are  individual  data  about  the  fact  that  preparation  is 
deposited  in  fatty  tissue,  where  it  rapidly  vanishes  after  termination 
of  its  application.  It  can  be  deposited  in  the  form  of  an  epoxide. 

The  acid,  chlorine-containing  products  Isolated  from  the  urine 
of  rabbits,  obviously,  are  products  oi’  the  detoxification  of 
chlordane. 

V/hen  rats  are  fed  a  diet  containing  150  mg/kg  of  chlordane 
they  secrete  with  their  milk  a  substance  toxic  to  baby-rats.  The 
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symptoms  are  similar  to  the  8;mpi;oms  Induced  by  DDT,  but  chlordane 
acts  for  a  longer  time  on  the  central  nervous  c.ystem.  After  It 
has  been  administered  there  appear  Increased  excitability,  salivation, 
tremor,  and  convulsions.  The  administration  of  Amytal  Sodium 
partially  reduces  these  symptoms. 

In  chronic  poisoning  tliere  is  observed  disturbance  of  the 
activity  of  the  central  nerve  system,  especially  of  the  optic 
xierve;  besides  these  there  occur  initatlon  of  the  skin^  liver 
damage  and  loss  of  consciousness;  before  death  albuminuria  develops. 
There  exist  data  about  15  cases  of  human  poisoning  of  which  5 
ended  in  the  death  of  the  patients.  After  using  chlordane  on 
factory  premises  to  combat  insects  for  a  period  of  a  week  of 
166  workers  55  becane  ill;  the  illnesses  were  a  mild  form. 

The  fatal  cases  due  to  chlordane  poisoning  have  been  described 
in  detail.  In  one  case  the  preparation  was  spilled  on  the  clothes 
of  a  person  (a  young  woman),  who  died  within  an  hour.  A  second 
person  attempted  to  commit  suicide  and  took  about  200  g  of  5!? 
chlordane  powder.  She  died  within  10  days.  In  the  first  case 
the  dress  drenched  with  chlordane  was  not  removed  and  the  large 
dose  of  chlordane  was  absorbed  by  the  intact  skin.  In  the  autopsy 
nonspecific  pathological  changes  were  detected  in  the  brain,  lungs 
and  kidneys.  One  more  person  died  9  days  after  taking  internally 
6  g  of  chlox’dane;  vomiting  began  2  1/2  hours  after  the  introduction 
of  the  preparation  and  continued  all  night;  the  patient  was  taken 
to  a  hospital  within  2^  hours;  her  tongue  was  rod  and  a  gray 
exudate  was  observed,  covering  the  mucous  membrane  of  the  oral 
cavity  and  cio  pharynx;  the  patient  v/as  excited,  agitated  and 
depressed;  oliguria  was  observed.  The  patient  at  times  lost 
consciousness  and  died  within  several  hours  with  symptoms  of  tonic 
and  clonic  spasms  at  intervals.  The  basic  clinical  symptoms 
we’*e  burning  of  the  buccal  cavity,  acute  hemorrhagic  gastritis, 
shock,  ar.urla,  after  which  there  followed  convulsions  and  death. 


In  the  autopsy  there  were  <  et  cted  inflammatory  jBjymptoms  In  the 
brain,  br one nopneumonia  and  burns  in  the  bucsal  cavity  and  throat. 

Also  described  was  a  case  of  the  acute  poisoning  of  a  man 
situated  in  premises  where  disinfestation  was  being  conducted 
v’lth  a  \-2%  solution  chlordane  (the  solvent  is  unknown).  There 
were  observed  severe  coughing,  vomiting,  disturbance  of  liver 
function,  decrease  in  the  number  of  erythrocytes  and  leucocytes, 
pneumonia.  In  literature  there  are  also  descriptions  of  a  number 
of  other  cases  of  poisoning  with  the  oral  Introdkictlon  to  a  man  of 
a  lethal  dose  of  5-60  g.  A  single  cutaneous  application  of  a  dose 
of  113  6  is  dangerous  to'^an,  with  multiple  application  -  2.k  g 
(dally) . 

The  measures  to  observe  in  human  poisoning  consist  in  the 
following:  stopping  the  absorption  of  the  preparation  by  the  skin 
(its  purification),  lavage  of  the  stomach  and  the  Internal 
administration  of  a  physiological  solution;  it  is  necessary  to 
avoid  the  use  of  milk  and  fats,  inasmuch  as  they  facilitate  the 
absorption  of  the  preparation.  To  prevent  convulsions  it  is 
possible  to  apply  the  Intravenous  administration  of  any  fast  acting 
barbiturate  (thiopentane) ,  and  then  the  prolonged  application 
phenobarbitol. 


Endrin 


Endrin  --  ~  lO-hexachloro-6,  7-epoxy-l, 

4a,  5,  6,  7,  8,  3a-octahydro-l,  4-endo,  endo-5,  8-dlmenthano- 
napthalene : 
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Its  molecular  weight  Is  330 >926. 

The  stereoisomer  of  dleldrln  Is  called  endrln.  Pure  endrin  - 
solid  white  crystals;  technical  endrln  —  hard  brownish  crystals. 

It  possesses  an  insignificant  odor. 

At  a  temperature  of  about  200®  It  melts  and  decomposes.  Its 
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vapor  pressure  at  25®  Is  2*10  '  mm  Hg.  It  Is  soluble  In  the  sar.ie 
solvents  as  dleldrln. 

The  preparation  possesses  considerable  Insecticidal  and 
larvlcldal  properties.  It  Is  used  mainly  In  agriculture  to  combat 
Insects  —  pests  of  cotton,  tobacco,  sugar  beet,  the  larvae  of 
the  Japanese  beetle  and  others.  In  using  endrln  to  combat  the 
larval  stages  tobacco  pests  It  has  been  established  that  It  Is 
20  times  more  toxic  than  the  preparations  recommended  earlier  for 
this  purpose. 

Endrln  Is  manufactured  commercially  In  England  and  other 
countries  In  emulsion  form,  as  25?  wettable  powder,  and  as  1-1.5^ 
granulated  disinfecting  powder. 

Endrln •can  be  used  to  destroy  files,  mosquitoes  and  other 
Insects;  It  Is  especially  toxic  for  larvae  and  pupae. 

When  topically  applied  to  files  (Imago)  1.6  yg;  of  the  prepa¬ 
ration  causes  the  death  of  50?  of  the  Insects.  Endrln,  like 
other  compounds  of  this  group,  acts  on  the  nervous  system  of  the 
Insects  (similar  to  DDT).  The  preparation  cannot  be  widely  utilized 
In  practice  to  control  parasites  of  habitations  because  of  Its 
high  toxicl:y  to  the  higher  animals.  LD^q  of  a  single  oral 
administration  of  the  preparation  Is  approximately  5-^3  mg/kg; 
the  size  of  the  lethal  dose  depends  on  the  species  of  animal. 

When  endrln  xs  administered  to  rats  with  food,  containing 
1;  5;  25;  50  and  100  mg/kg,  the  phosphatose  of  the  Index  ser 
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is  increased.  Rats  recei  ii  ,  food  containing  100  mg/kg  of  the 
preparation,  died  in  the  first  2  weeks.  The  mortalltlty  rato 
among  males  was  considerably  higher  than  among  females;  they  wore 
more  susceptible  to  such  doses  as  1-5  mg/kg.  The  animals  lo^t 
weight  and  the  greatest  loss  was  noted  In  those,  which  received 
the  highest  dose.  The  consumption  by  rats  of  food  containing 
enclrln  was  lower  then  the  consumption  of  feed  by  the  control 
animals.  It  was  noticed  that  in  all  cases  rats  which  received 
poisoned  food  were  very  sensitive  to  various  stimuli.  The  preparation 
is  very  toxic  to  young  animals.  In  the  milk  of  cows  with  the  use 
of  hay  containing  1.9-8. 7  mg  of  endrln  per  kg  It  was  possible  to 
detect  for  a  period  of  a  week  the  presence  of  0.05-0.15  mg/kg  of 
the  preparation.  Toxic  symptoms  were  noted  In  2  cows,  which 
received  1.5  mg  of  endrin  in  soybean  oil  per  kg  of  weight. 

The  preparation  is  also  deposited  in  the  fat  of  animals;  In 
milk  it  appears  in  the  case,  when  the  food  contained  more  than 
0.55  mg/kg.  The  endrln  disappeared  from  the  milk  a  month  after 
the  termination  of  the  experiment. 

Under  manufacturing  conditions  the  preparation  readily 
penetrates  into  the  human  organism  through  the  respiratory  tract 
ana  the  skin.  In  acute  poisoning  there  are  observed  an  Increase 
in  initlabllity ,  convulsions  and  coma.  In  chronic  poisoning  there 
are  observed  a  loss  in  welglit  and  disturbance  of  the  activity  of 
the  nervous  system. 

A  case  was  described  in  which  ^9  persons  were  poisoned  as  a 
result  of  eating  bread  made  from  flour,  which  had  been  In  sacks, 
v;hich  had  accidentally  been  treated  with  endrln.  There  was 
detected  in  the  bread  up  to  150  mg  of  endrln  per  kg. 

When  the  preparation  gets  into  the  gastrointestinal  tract 
the  immediate  application  of  emetics  Is  recommended  or  gastric 
lavage.  The  introduction  Into  the  stomach  of  fat  or  oil  promotes 
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the  abeorptlon  of  the  preparation  by  the  walls  of  the  Intestine. 
Good  results  In  endrln  poisoning  are  obtained  with  the  use  of 
barbiturates.  In  working  with  the  preparation  It  Is  necessary  to 
use  special  clothing  and  gloves. 


CHAPTERIVl 
CHLORINATED  TERRENES 

This  group  of  compounds,  just  like  [DDT]  |(jmT)i»  hexaohlorane 
and  the  diene  synthesis  preparations,  belongs  to  the  chlorinated 
hydroc.iiOons  or  the  terpene  hydrocarbons.  The  latter  are  a  basic 
component  of  turpentine.  Ye.  Ye.  Vagner,  B.  A.  Arbusov,  S.  S. 
Nametkln  and  others  defined  the  structure,  studied  the  cnenlcal 
properties  of  a  large  ndmber  of  terpene  hydrocarbons  and  their 
derivatives,  Terpanes  have  found  application  as  a  raw  material  In 
the  production  of  aromatic  pharmaceutical  preparations. 

The  bicycllc  terpenes  and  their  oxygen  compounds  —  plnene, 
canphene,  borneol  and  so  i’crth  —  are  used  as  Initial  products 
for  the  production  of  Insecticides.  These  latter  ere  obtained 
by  the  chlorination  of  turpentine  and  Its  fractions.  To  such 
preparations  belong  chlorinated  turpentine,  chlorten,  polychlor- 
opirene,  toxaphene  and  strobone. 

'  Polychloroplnene 

Pclychloroplnene  -  Cgllj^QCl^.  Its  specific  gravity  Is 
1.57^-1.505.  It  Is  a  product  of  the  catalytlcal  dark  (l.e.,  without 
illumination)  chlorination  of  the  plnene  fraction  of  turpentine 

i 

f hydrochlorlnated  plnene).  In  Its  properties  It  Is  cjlose  bo 
chlorten.  It  Is  marufactured  In  the  form  of  a  <55S  concentrate. 
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which  is  used  In  the  preparation  of  the  eraulsion.  The  concentrate 
consists  of  the  following  components:  polychloroplnene, 

20<  solvent  (grade  "3"  diesel  fuel.  No.  2  spindle  oil  or  transformer 
oil),  15J2  emulsifier  (the  auxiliary  substance  [OP-?]  (OH-?)* 

The  percent  of  organically  combined  chlorine  Is  not  less  than 
48.8?. 


The  cT.oent rates  of  polychloroplnene  are  dark-colored,  oily, 
viscous  liquids.  The  concentrates  of  polychloroplnene  and 
polychlorocamphene  are  emulsified  with  v/ater,  forming  a  white 
emulsion,  a  aq'iecus  emulsion  should  not  separate  into  layers 
within  a  perlnd  of  4  hours. 

Polychloroplnene  and  polychlorocamphene  have  a  delayed 
contact  and  a  mild  fumlgational  action  (see  Table  146).  They 
do  not  have  a  prolonged  residual  toxic  action  after  they  are  applied 
to  various  surfaces. 

According  to  T.  V.  Yerofeyeva,  the  addition  of  fjO?  naphthalysol 
and  diesel  fuel  brings  about  an  increase  In  the  larvlcldal  pro¬ 
perties  of  polychloroplnene,  which  Is  especially  defined  with 
respect  to  cultures  of  house  flies,  w:'.lch  are  resistant  to  the 
action  [HCCK]  (rXI{r).  The  addition  of  napthalysol  to  the  emulsion 
concentrates  of  chlorinated  terpenes  along  with  CP-7  promotes 
the  activation  of  their  Insecticidal  effect. 

Polychloroplnene  is  used  basically  In  agriculture  to  destroy 
sugar  bact  weevils  (ground  spraying  wltn  0.5?  emulsion  and  aerial 
spraying  with  3.2-4?  emulsion).  It  is  also  used  In  the  form  of 
emulsified  concentrates  In  controlling  the  house  fly  and  to 
destroy  larvae  and  pupae  In  their  breeding  places. 

To  destroy  fly  larvae  in  liquid  waste  5?  aqueous  emulsions 
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polychloroplnene  Is  used  at  a  rate  rf  0.2  t  per  m  of  surface 


(once  in  8-10  days).  For  s^ild  waste  material  with  a  layar  thick* 

2 

ness  of  20-30  cm  2%  emulsions  are  usee  at  a  rate  of  i/n  .  To 
destroy  fly  larvae  in  soil  aqueous  emulsions  are  applied  at 

a  dose  rate  of  2-6  i/m  (M.  H.  Sukhova,  I.  I.  Myalo). 

Polychloroplnene  emulsions  are  used  as  repellents  to  protect 
animals  from  blood-sucking  flies  (K.  P.  Andreyev,  Yu.  I*.  Oadalln, 

M.  G.  Dem’yanov,  I.  A.  Zakamyrdln,  A.  B.  Levlt).  In  1959*1960 
for  the  purpose  of  exterminating  Ixodes  persulcatus  ticks  in  the 
Kuibyshev  region  aerial  treatment  of  11, 000: hectare  of  broad¬ 
leaved  forests  was  carried  out  with  polychloroplnene  emulsion 
from  an  [AM-2]  (AH-2)  aircraft  at  a  rate  expenditure  of  30  A/ha 

(3  kg  of  651  polychloroplnene  concentrate  per  2?  t  of  water) 

/ 

The  forest  was  treated  two  times:  before  leafing  and  after 
complete  leafing.  A  high  effect  was  obtained,  not  lower  t'lars 
with  aerial  dusting  wich  DDT  and  HCCH  preparations;  and  the  c:^3t 
of  the  treatments  wa*;  2-3  times  cheaper  than  dusting  with  D  '^. 

In  the  following  year  on  the  treated  sections  partial  regeneration 
of  t)ie  number  of  ticks  was  observed,  which  in  Individual  areas 
Increased  to  epidemically  dangerous  levels. 

The  toxicity  of  polychloroplnene  to  man.  If  It  should  happen 
to  be  orally  introduced,  is  approximately  the  same  as  DDT. 

According  to  G.  A.  Voytenko,  the  absolutely  lethal  doses  of 
chlorten  and  polychloroplnene  when  Introduced  In  a  single  dose 
Into  the  stomachs  of  white  mice  are  within  the  limits  of  300-500 
mg/kgi  for  white  rats  they  are  i»00-600  mg/kg;  when  cutaneously 
applied  to  rabbits  -  1000-1500  ng/kg.  The  absolutely  fatal 
concentration  of  the  Insecticide  In  the  aerosol  state  for  cats 
is  0.07  mg/i  of  air. 

Consequently,  when  introduced  Into  the  stomach  the  chlorinated 
terpenes  approach  DDT  In  toxicity,  and  when  applied  to  the  skin 
they  are  somewhat  more  toxic  then  it.  When  Inhaled  chlorten  and 

polychloroplnene  are  considerably  more  toxic  than  DDT. 
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The  zone  of  toxic  action  of  polychloroplnene  is  comparatively 
narrow:  the  threshold  concentration  is  O.OO6  mg/t  and  a  dose  of 
0.02  mg/1  causes  the  death  of  a  portion  of  the  animals. 

The  capacity  of  the  preparation  to  accumulate  In  anlmaD 
organisms  has  not  been  clearly  expressed.  With  a  dally  oral 
administration  of  1/.10  of  the  CLD^qq]  (jm^QQ)  of  polychloroplnene 
ihe  death  of  the  animals  occurs  with  the  total  Intake  Into  the 
organism  of  3.8  of  the  absolutely  lethal  doses,  and  when  It  enters 
through  the  respiratory  tract  2.5  of  the  absolutely  fatal  doses 
as  compared  to  a  single  effect.  In  animals,  which  died  after 
the  administration  of  this  preparation,  dystrophic  changes  and 
hemodynamic  disorders  were  detected.  In  the  central  nervous  system, 
chiefly  In  cerebellum,  there  was  observed  pyknomorphlc  swelling, 
karyolysls,  karyocytolysls  and  sclerosis  of  the  nervous  elements. 

In  the  Internal  organs,  especially  In  the  liver  and  kidneys,  there 
was  detected  parenchymatous  and  fatty  dystrophia.  During  Intoxi¬ 
cation  with  polychloroplnene  In  the  early  stages  of  its  development 
changes  in  the  higher  nervous  activity  of  the  animals  were  noted 
and  also  disturbances  of  the  acid-alkaline  equilibrium.  The 
change  in  the  conditioned-reflex  activity  leads  to  the  Inhibition 
of  the  conditioned  reflexes.  On  the  part  of  the  acid-alkaline 
equilibrium  with  the  effect  of  polychloroplnene  in  smaller  doses 
there  is  noted  an  alkaline  shift,  and  under  the  effect  of  large 
doses  -  a  shift  In  the  direction  of  acidosis,  to  which  attest  the 
changes  In  the  alkali  reserves  of  the  blood  and  the  activity  of 
carbonic  anhydrose. 


Industrial  observations  and  the  data  experimental  Investigations 
Indicate  1  that  at  concentrations  of  thousands  and  especially  of 
hundreds  of  parts  of  a  milligram  per  liter  polychloroplnene 
can  have  an  unfavorable  effect  on  workers. 


Some  observed  cases  of  human  poisoning  by  polychloroplne 
make  it  possible  to  consider  that  the  chlorinated  terpenes  are 
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a  definite  danger  with  respect  to  the  possible  appearance  of 
acute  poisoning.  Taking  Into  account  that  on  industrial  premises 
In  contrast  to  agricultural  ones  workers  are  In  contact  with  the 
preparation  for  a  long  period  of  time.  In  the  air  of  the  working 
premises  Its  concentration  should  not  exceed  0.0002  mg/£. 

Inasmuch  as  polychloroplnene  possesses  upon  entering  through 
the  gastrointestinal  tract,  the  respiratory  tract  and  the  Integument 
the  same  toxicity  as  chlorten,  and  is  similar  in  the  character 
of  its  effect  on  the  organism,  the  recommended  size  of  the  maximum 
permissible  concentrations  of  poly^hloroplne  should  be  the  same 
as  for  chlorten. 


Strobane 


Strobane  -  .  Synonyms:  polychloroplnene-2; 

chlorpln,  chlorplnak.  It  is  a  mixture  of  chlorinated  terpene  and 
caraphere,  containing  66%  chlorine.  It  is  a  transparent,  rather 
mobile  liquid  with  a  characteristic  odor  of  turpentine.  In  external 
appearance  it  Is  from  straw  to  amber  color,  and  possesses  an 
indefinite  aromatic  odor,  similar  to  plnene.  Its  specific  gravity 
is  1.630.  At  25®  its  refractive  index  Is  1.582.  The  bolllrtg 
point  is  155-157®.  Vapor  pressure  Is  3*10”^  mm  Hg  at  20®.  It 
is  noninflammable,  dissolves  In  water  In  trace  amounts.  Is 
soluble  in  aromatic  solvents.  It  Ip  slightly  soluble  at  95® 

Ir.  ethyl  alcohol  (12-14J).  At  room  temperature  it  Is  soluble 
up  to  40J  In  deodorized  kerosene.  It  decomposes  slightly  in 
bollihg  water.  It  hydrolyzes  slowly  at  100®;  It  Is  not  stable 
in  thp  presence  of  organic  bases.  It  is  corrosive  to  steel  and 
tin.  No  labeling  required.  It  is  compatible  with  the  majority 
of  Insecticides  and  fungicides.  It  Is  obtained  by  the  dark 
chlorination  of  plnene  dlchlorlde.  It  docs  not  keep  long  In 
an  alkaline  medium.  Technical  strobane  and  Its  liquid  concentrate 
should  be  stored  In  acid-resistant  vessels  In  a  dry  and  cool 
place. 
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Prom  Btrobane  an  emulsion  concentrate,  a  wettable  powder, 
a  disinfecting  powder,  and  oil  solution  jare  prepared. 

It  Is  toxic  to  many  species  of  Insects,  Including  cockroaches, 
house  files  and  others.  After  spraying  with  a  2%  solution  ll0-80!? 
of  the  cockroaohds  (common,  oriental,  American)  die  within  Il8 
hours.  When  the  concentration  Is  Increased  to  59K  the  mortality 
rate  of  the  cockroaches  reaches  lOOS.  Files  are  more  sensitive 
to  this  preparation  than  cockroaches.  With  the  use  of  a  1$ 
solution  of  strobane  the  mortality  rate  of  flies  after  10  minutes 
reaches  95% •  It ,18  basically  used  jo  control  pests  of  agricultural 
plants . 

Strobane  was  studied  In  detail  by  V.  N.  Dyadechko,  who 
recommend  that  It  be  used  In  2-5%  aqueous  emulsions  to  combau 
ticks  and  mites. 


Tpxaphene 


Toxaphene  -  a  waxy,  yellow  preparation  with  a  mild  odor 
of  pine.  It  contains  67-69%  chlorine.  The  melting  point  is 
65-90®.  It  is  Insoluble  In  water,  and  readily  soluble  In  organic 
solvents.  Its  density  at  27®  Is  I.65.  The  solutions  of  the 
preparation  do  not  lose  their  effectiveness  In  storage  for  14 
months  or  more. 


Abroad  It  Is  manufactured  In  the  form  of  a  10-20J(  disinfecting 
powder,  a  40J(  powder  and  emulsion  conceucrate^.  in  the  United 
States  It  is  used  In  the  form  of  a  0.5-0.75%  emulsion  for  treating 
animals  against  ectoparasites  by  spraying  or  bathing.  Its  Insecti¬ 
cidal  properties  are  not  hlghj  the  oil  solution  Is  effective 
at  the  following  concentrations:  for  bed  bugs  -  3.9$;  for  lice  -  0.6%, 
for  fleas  -  2%,  for  flies  -  0.09$  and  for  Ornlthodorus  ticks  -  0.21 
With  respect  to  clothes  lice  toxaphene  Ic  more  toxic  and  stable 
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than  DDT.  V/lth  respect  to  c(  kroaches  the  lOJJ  disinfecting  pounder 

Is  Ineffective.  In  testing  the  duration  of  Its  action  With  respect 

2 

to  bugs  on  filter  paper  impregnated  with  0.1  ng/cm  It  waa  estab¬ 
lished  that  the  preparation  does  not  lose  Its  effectiveness  for. 

6  months j  a  1^'  emulsion  of  toxaphene,  used  on  manure  at  a  rate 
of  300-600  rni/m^,  was  more  effective  than  DDT  (10  mg  of  toxaphene 
per  kg  of  substrate  destroys  10035  of  the  fly  larvae^v  liih<lip  p>resent 
in  a  reservoir  at  a  rate  of  1  mg/i  toxaphene  kills  9635  of  I  the 
mosquito  larvae j  the  purpae  do  not  die  at  this  concentration. 

Thus,  in  its  effectiveness  toxaphene  Is  Inferior  to  DpT  with 
respect  to  bugs  and  fleas i  with  respect  to  lice  and  flies  ihe 
activity  of  both  pi’eparatlons  is  identical,  and  with  respect  to 
mites  and  ticks  toxaphene  is  more  effective.  In  an  Insect  coming 
in  contact  with  this  preparation,  parajlysls  occurs  slowly,  therefore 
to  accelerate  its  action  DDT  is  added.'  The  impregnation  of 
fabrics  with  an  0.835  solution  of  toxaphene  protects  them  from 
moths . 

In  toxaphene *s  ac.ion  on  insects  a  latent  period  Is  noted; 

3  hours  after  the  application  of  the  preparation  tremor  of  the 
extremities  appears.  When  the  leg  of  a  cockroach  is  Isolated  the 
tremor  ceases.  After  the  oral  administration  of  100  pg  of  the 
preparation  to  the  common  cockroach  oxygen  consumption  Increases 
by  3  tines  as  compared  to  the  normal.  The  Increase  of  oxygen 
consumption  occurs  during  the  time  ^f  the  tremor,  after  cessation 
of  the  tremor  oxygen  consumption  decreases.  The  administration 
of  toxaphene  to  an  American  cockroach  stimulates  the  cardiac 
activity,  in  the  death  of  the  cockroach  the  heart  stops  during 
the  systole.  Toxaphene  at  a  concentration  of  0.01-0.001  mg/l 
almost  completely  Inhibits  the  activity  of  cytochrome  oxidase. 
Increasing  the  temperature  Increases  the  capacity  of  the  preparation 
to  kill  house  ♦'i^es. 

Experiments  of  the  Department  of  Agriculture  of  tha  United 
States  show  that  cattle  can  be  fed  25  parts  of  toxaphene  per  million 


parts  of  feed  or  less  over  a  period  of  10  consecutive  weeks  the 
level  of  permissible  dose  of  deposition  in  the  organism  of  t!ie 
animals  will  not  be  exceeded.  In  connection  with  this  it  was 
recommended  to  farmers  that  they  observe  a  7-day  Interval  between 
the  treatment  of  grass  with  toxaphene  and  the  putting  out  of  the 
cattle  to  graze  on  this  pasture.  Permissible  amounts  of  toxaphene 
deposition  in  the  fat  of  slaughtered  cattle  were  officially 
established,  precisely  7  parts  per  million. 

Under  laboratory  conditions  it  was  established  that  toxaphene 
at  24°  is  3  times  more  toxic  at  10°. 

Toxaphene  is  toxic  to  gold  fish  at  concentrations  of  0.0032 

mg/t. 

The  treating  of  cattle  and  horses  with  0.5-0.755S  emulsions 
is  safe. 

Toxaphene  is  more  toxic  to  vertebrate  animals  and  causes 
the  death  of  50!Z  of  the  rats  (LD^q)  with  a  dose  of  50  mg/kg,  and 

in  sheep  and  goats  with  200  mg/kg.  A  dose  of  20  mg/kg  causes 

convulsions  in  dogs  and  cats,  and  of  60  mg/kg  brings  about  their 
death  within  3  hours.  Dogs  are  approximate!. ’  1C  times  more 

sensitive  to  toxaphene  than  to  DDT.  The  median  lethal  dose  LD^q 

for' animals  in  an  acute  experiment  was  equal  to  60  mg/kg  (LD^q 
of  DDT  is  250  mg/kg,  of  chlordane  —  500,  of  [DDD]  (jmDi)  —  2500 
and  of  inethoxychlor  —  7000  mg/kg).  The  preparation  possesses 
cumulative  properties  and  is  deposited  'n  the  fat  of  animals 
(Lehman).  The  lethal  dose  for  man,  when  administered  orally,  is 
equal  to  60  mg/kg  (2-7  g).  Thus,  to  man  toxaphene  is  4  times 
more  toxic  than  DDT.  When  applied  on  the  skin  it  causes  irritation; 
the  dally  contact  of  the  preparation  with  the  skin  is  very  dangerous. 

When  cattle  grazed  on  meadows  treated  with  toxaphene  appro¬ 
ximately  0.5  mg/kg  of  deposition  is  detected  in  the  animal  organisms. 
In  the  fat  of  pigs  treated  2  times  with  a  0,5%  emulsion  there 
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was  detected  0. 36-^1. 6  mg/kz  t'f  toxaphene.  Pig  meat  Is  safe  for 
human  consumption  6  weeks  after  treating  them  wlth^  an  application 
of  0.5%  toxaphene. 


Chlorinated  Turpent^lne  (CT) 

The  use  of  turpentine  for  the  extermination  of  Inseetis  has 
been  known  for  a  long  time.  Freshly  Impregnated  fabric  possesses 
pediculicidal  properties,  but  due  to  the  volatility  of  the  prepa¬ 
ration  its  effectiveness  diminishes  rapidly.  To  Intensify  Its 
activity  and  to  increase  the  duration  of  the  action  of  this 
preparation  a  number  of  chlorinated  turpentines  was  prepared 
at  100-110°,  v/hich  in  their  chlorine  content  corresponded  to  the 
composition  of  from  monochloroturpentine  to  hexachloroturpentlne 
inclusively. 

Preparation-CK  [CT]  is  a  clear,  transparent,  viscous,  slightly 
mobile  liquid  with  a  mild  odor  reminiscent  of  the  odor  of  coniferous 
needles.  Its  specific  gravity  at  30°  fluctuates  from  1.49  to 
1,53.  It  is  Insoluble  in  watery  it  is  slightly  soluble  In  alcohol, 
but  very  soluble  in  ether,  turpentine  and  other  organic  solvents. 

The  products  of  chlorination  are  the  main  component  of  prepa- 
ratlon-CT.  They  are  obtained  as  a  result  of  the  interaction  of 
chlorine  with  alpha-pinene,  the  content  of  which  In  turpentine  Is 
more  than  70%.  The  products  of  chlorination  possess  very  high 
Insecticidal  activity.  They  contain  58-60Jf  chlorine  (S.  V. 
Zhuravlev) . 

For  the  treatment  of  linen  the  preparation  has  been  produced 
by  industry  in  the  form  of  a  concentrate  with  various  emulsifiers 
under  the  name  of  antlpedlculin-CT  and  CT-9. 

Antlpedlculln-CT  is  a  thick,  oily,  dark-colored  liquid  which 
is  readily  emulsified  by  water  (50J{  preparation  CT,  sulfonated 
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naphthenic  acids  and  oils).  The  emulsion  at  2%  concentration  Is 
used  for  treating  underclothing  and  oed  linen,  for  spraying  bed 
appurtenances,  and  for  treating  other  garments  and  living  quarters. 

The  linen  Is  treated  by  soaking  It  In  the  emulsion.  One  i  of 
emulsion  is  used  per  each  kg  of  clear  linen.  After  10--15  minutes 
of  soaking  the  linen  Is  wrung  out  to  a  certain  extent  and  then 
dried.  The  dried  linen  Is  mangled,  but  not  Ironed  with  an  Iron. 

The  linen  can  also  be  treated  on  ribbon  machines.  To  exterminate 
insects  the  bed  appurtenances  (lice),  and  also  the  floor  (fleas) 
are  sprayed  with  2%  emulsion  using  an  atomizer,  pneumatic  sprayer 
or  hand  sprayer.  The  approximate  expenditure  of  emulsion  per 
m  of  floor  is  0.3-0. 4  i. 

The  CT-ointment  has  a  vaseline  base.  It  contains  10%  preparation- 

CT.  The  ointment  Is  applied  to  the  seams  of  underwear  and  outer 

ginrients  and  is  used  to  treat  hairy  parts  of  the  body.  In  the  latter 

case  the  preparation  expenditure  Is  equal  to  10-15  g  per  person. 

Powder  (disinfecting  powder )-CT  contains  10?  preparation 
and  90/5  filler  (talc,  kaolin,  bone  meal,  clay).  The  disinfecting 
powder  Is  used  to  combat  clothes  lice  and  fleas. 

Chlorten 


Chlorten  -  ""  ^  of  high  chlorinated  terpenes. 

Technical  chlorten  Is  obtained  by  the  photochemical  chlorination 
of  the  alpha-plnene  fraction  of  turpentine;  In  composition  It  Is 
close  to  toxaphene.  It  has  the  form  of  an  ol]y,  dark-brown 
liquid;  It  is  sticky  and  has  a  specific  odor;  It  contains  6k-66% 

chlorine.  The  density  of  technical  chlorten  Is  1.5-1. 6  g  per 
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cm  .  Chlorten  Is  Insoluble  In  water,  is  decomposed  by  alkalis, 
and  evaporates  faster  than  DDT.  In  Its  properties  It  Is  close 
to  preparatlon-CT  and  possesses  considerable  Insecticidal  and 
acarlcidal  action.  It  was  first  obtained  by  the  Scientific- 
Research  Institute  of  Fertilizers  and  Insectofunglcldes  In  1951. 


A  number  of  authors  (Ye.  .  .  uurkatskaya»  S.  F.  Vyazkova«  E.  M. 
Bernadskaya,  G.  K.  Kovalev  and  others)  cbaraoterize.t  this  prepara¬ 
tion  as  a  very  active  Insectoacarlclde. 

To  control  pests  of  agricultural  plants  there  is  used  a 
65^  concentrate  of  chlorten^  which  contalt^s,  besides,  obljOrten, 

20%  mineral  oil  and  15%  emulsifier.  Furthermore,  on  t^he  basis 
of  this  preparation  It  is  possible  to  prepare  dl8lbi‘sotlng  powders 
and  composite  chlorten-DDT  preparations  (K.  A.  Gar).  The 
concentrate  (65%)  of  chlorten  is  a  transparent,  yellow,  viscous 
liquid,  which,  when  mixed,  with  water,  forms  a  stable,  milky 
emulsion.  This  concentrate  Is  used  to  prepare  emulsions,  which 
are  employed  to  spray  plants  (K.  A.  Gar,  D.  K.  Nechlnennyy,  V.  M. 
Romanov,  Barber). 

Methods  of  preparing  working  solutions:  to  prepare  100  t 
of  0.5%  emulsion  there  is  weighed  out  0.5  kg  of  the  concentrate 
to  which  3  spoons  of  water  are  added,  as  a  result  of  which  there 
Is  formed  a  white,  pasty  m'assj  to  this  mass  there  Is  added,  while 
stirring,  the  remaining  amount  of  water  to  bring  It  up  to  100  t. 

Chlorten  -  a  contact  Insecticide  acting  on  the  mobile  stages 
of  many  forms  of  harmful  insects.  The  fumlgatlonal  action  of 
chlorten  is  milder  ^han  hexachlorane.  Tlie  preparation  Is  highly 
toxic  to  bugs  and  can  be  used  as  a  repellent  to  protect  animals 
from  insects  (Ye.  I.  Pokrovskaya). 

Chlorten  Is  used  to  combat  aphids,  mites  and  ticks  on  various 
plants  (0.5-1^  emulsion),  to  exterminate  In  the  Instar  periods 
caterpillars  of  the  gypsy  and  lackey  moths,  and  also  ermine  moth 
caterpillars  (0.5-0. 6?  emulsion),  for  disinfestation  of  empty 
granaries  (1-2X  emulsion).  In  practice,  when  it  Is  applied  In 
tl  appropriate  concentrations  it  does  not  burn  plants. 

Chlorten  at  0.7X  concentration  Is  also  employed  to  combat 
ectoparasites  of  animals  '(S.  F.  Vyazkova  and  others). 


Chlorten  does  not  have  special  significance  for  sanitary 
practice.  It  can  be  used  when  necessary  against  fleas  mites  and 
ticks,  especially  when  mixed  with  DOT. 

V/hen  chlorten  Is  utilized  In  combination  with  a  15^  emulsion 
of  DDT  for  the  purpose  of  killing  fleas  Its  Insecticidal  effect 
Is  after  5  minutes  from  2-3%  concentration. 

Its  acarlcldal  action  Is  delayed.  Thus,  for  example,  when 
a  l.i)  emulsion  of  chlorten  Is  used  and  It  Is  In  contact  with  the 
mites  and  ticks  for  30  minutes  the  death  of  the  arthropods  ensues 
within  48  hours. 

The  acarlcldal  action  on  mites  and  ticks  of  the  1.3%  emulsion 
In  combination  with  1.3%>  DDT  also  requires  prolonted  exposure  - 
30-60  minutes. 

The  toxicity  of  chlorten  with  respect  to  higher  animals  and 
man  is  approximately  the  same  as  the  toxicity  of  hexachlorane. 
Chlorten  emulsion  possesses  an  expressed  therapeutic  action  on 
sheep  scabies.  The  therapeutic  effect  Is  attained  after  a  single 
bathing  of  the  affected  animals  In  0.65%  chlorten  emulsion  (active) 
substance)  at  a  temperature  of  20-25°  and  an  exposure  of  30-60 
seconds. 

According  to  G.  K.  Kovalev,  chlorten  In  toxic  and  lethal 
doses  when  externally  and  Internally  administered  causes  disturbance 
of  central  nervous  system  activity  (acute  clotiic-tonic  spasms, 
tremor,  retrogressions,  a  state  of  depression  or  pro:  tration 
after  violent  neuromuscular  symptoms,  etc.),  a  decrease  In  body 
temperature,  changes  on  the  part  of  the  cardiovascular  system 
and  respiration;  albuminuria  Is  also  observed.  Changes  in  the 
blood  are  characterir^ed  mainly  by  leukocytosis,  neutrophilia 
with  a  shift  to  the  right.  During  p-''**'-  anatomical  and  hystologlcal 


132 


examinations  there  were  a.  tec ted  pulomonary  edema,  dystrophic 
changes  in  the  liver,  kidneys,  heart,  bralnj  In  the  case  of 
chronic  poisoning,  moreover,  there  was  noted  focal  nfovosis  of 
the  liver  and  necrosis  of  the  convoluted  tuhuliss  of  kidneys. 
The  toxicity  of  chlorten  to  the  higher  anlinals'  and  to  Is 
approximately  the  same  as  hexachlorane .  Chlorton  possesses 
expressed  cumulative  properties.  When  orally  administered  a 
dose  of  0.15  g/kg  is  mlnlmumally  toxic  to  rabbits,  0.3  g/kg  - 
tolerable,  and  0.4  mg/kg  -  lethal.  For  sheep  a  dose  1  (^^Tcg,  when 
orally  administered,  is  fatal,  a  dose  of  0.1-0, .0(5  pg/l^Ts' 
harmless.  When  externally  applied  in  the  form  of  kn  aqueous 
emulsion  chlorten  penetrates  through  Intact  skin.  A  general 
treatment  of  the  Integument  of  sheep  with  0.5-3J5,  and  rabbits 
with  a  1%  concentration  of  emulsion  is  practically  harmless.  The 
application  of  a  5%  emulsion  of  chlcrten  causes  toxic  symptoms. 

I  } 


CHAPTER  V 


C'ROANOPHOSPHORUS  INSECTICIDES 

I 

The  Insecticides  of  the  chlorinated  hydrocarbon  group  have 
been  widely  employed  In  dlslnfestatlonal  practice  for  more  than 
20  years.  The  necessity  of  applying  Insecticides  from  other 
groups  of  chem''cal  compounds  was  dictated  by  the  appearance  among 
arthropods  of  resistance  to  the  chlorinated  hydrocarbons.  These 
and  other  deficiencies  of  the  chlorinated  hydrocarbons  stimulated 
the  quest  for  Insecticides  from  various  chemical  groups  including 
from  the  group  of  organophosphorus  compounds.  The  great  advantage 
of  the  latter  Insecticides  from  a  hygienic  point  of  view  v/as  their 
lesser  stability  to  environmental  conditions  as  compared  to  the 
chlorinated  hydrocarbons,  which  is  important  for  insecticides 
applied  to  combat  pests  of  agricultural  crops. ^  The  quality  of 
these  compounds  to  decompose  rapidly  decreases  the  danger  of  then 
getting  Into  the  human  organism  directly  or  along  with  food  products. 
At  the  present  time  more  than  500  preparations  beloiiglng  to  the 
group  of  organophosphorus  compounds  have  been  studied  (N.  M. 

Mel'nikov,  P.  V.  Popov,  Caslda). 

A  number  of  these  preparations  is  suitable  for  use  in  controlling 
the  parasites  of  man  and  his  dwellings,  and  also  the  carriers 
of  organisms  causing  infectious  diseases. 

At  the  present  time  the  nunifcer  of  preparations  of  this  group 
being  used  In  practice  Is  as  great  as  the  number  from  the  chlorinated 
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hydrocarbon  group  being  pr;:.ctically  applied.  Among  those  In 
practical  use  we  find  chlorophos  (dlpterex),  carbophoa  (matathlon)^ 

ir.etaphos  (wofatox),  dlazlnon,  thlophos  (parathlon),  [DDVP]  KflflM) 
and  others.  < 

The  toxicity  of  the  organophosphorus  compounds  varies  widely. 
Thus,  for  warm-blooded  animals  the  [LD^q]  l(jmgQ)  of  thlophos  Is 
3.6-13  mg/kg,  and  of  carbophos  more  than  2000  mg/kpj.  The 
organophosphorus  Insecticides  which  have  been  Intr.oduced  Into 
practice  conform  to  the  specifications  put  forward  by  the  sanitary 
service.  They  are  highly  toxic  to  arthropods  and  with  certain 
exceptions  are  only  slightly  toxic  to  v;arm-olcoded  animals  (L.  P. 
Bocharova,  Eddy). 

In  order  to  visualize  the  degree  of  toxicity  of  the  organo- 
phosphous  compounds  to  Insects  (as  compared  to  the  earlier  applied 
preparations),  we  present  the  following  calculated  data:  In 
order  to  kill  Insects,  for  example  the  fly,  with  the  Insecticides 
applied  before  19^0,  It  was  necessary  to  apply  to  one  Individual 
several  milligrams  of  preparation,  whereas  when  using  [DDT]  KjyjT) 

It  was  necessary  to  apply  to  one  Individual  (a  fly)  2  pg  or  a 
1000  times  lesser  amornt,  l.e.,  as  a  result  of  the  application  of 
1  mg  of  the  preparation  about  500  files  die.  At  the  same  time 
from  1  mg  of  chlorophos  about  3000  files  are  killed  and  from 
1  ng  of  dlmethyldlchlorovlnylphosphate  (DDVP)  -  more  than  30,000 
fll  .'s  die,  a  proxlmately  the  same  regularity  Is  also  observed 
wltlj  respect  to  bugs  and  other  arthropods. 

The  ether  organophosphorus  Insecticides  are  also  highly  toxic 
to  insects.  Thus,  for  example,  the  median  lethal  doze  In  micro- 
grams  for  the  female  mosquito  Is  for  baytex  0.002-0.003;  rsjalathlon 
(carbophos)  -  0.006;  dlazlnon  -  O.OO6-O.OI6;  ronnel  -  0.016-0.021; 
Cc-Ral  0.002-0.012,  dlmethoate  -  0.003-0.005;  DDT  -  O.OI8. 
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Especially  toxic  to  flying  Insects  In  Its  vaporous  form  Is 
DDVjt*.  To  kill  mosquitoes  0.2  ug  'per  l  Is  sufficient.  According 
to  calculated  data,  DDVP  /apors  are  approximately  600  times  more 
effective  than  DDT  vapors,  and  300  times  more  effective  than 
hexachlorane  vapors. 

Another  difference  between  the  chlorinated  hydrocarbons  and 
the  oi'Tanopliosphorus  compounds  is  the  decrease  In  effectiveness 
of  certain  chlorinated  hydrocarbons  during  the  hot  season.  In 
particular  DDT,  whereas  the  effectiveness  of  the  organophosphorus 
compounds,  for  example  chlorophos.  Increases.  In  comparing  the 
sensitivity  of  files  to  chlorophos  In  spring  In  summer  and  In 
autumn  It  was  noted  that  the  sensitivity  of  files  Is  higher  to 
chlorophos  than  to  DDT  In  a  number  of  cities  of  the  Soviet  Union 
In  spring  by  17  times.  In  summer  by  31  times.  In  autumn  by  18 
times,  and  in  the  southern  cities  it  reaches  70-80  times.  There¬ 
fore,  It  was  recommended  that  DDT  and  hexachlorane  be  applied  in 
spring  and  autumn,  and  chlorophos  —  in  the  summer  period. 

Another  peculiarity  of  the  organophosphorus  compounds  is  the 
fact  that  certain  of  them  have  a  more  expressed  selective  effect 
on  Insects  than  do  the  chlorinated  hydrocarbons,  l.e.,  they  are 
highly  toxic  to  Insects  and  less  toxic  to  warm-blooded  animals. 

The  organophosphorus  Insecticides  are  widely  applied  for 
the  purpose  of  controlling  pests  of  agricultural  plants;  they 
are  especially  applied  In  the  form  of  aerosols  and  sprays.  The 
best  preparation  .-n  all  the  experiments  was  carbophos:  Its  dosage 
when  used  In  the  form  of  aerosols  was  77-193.6  g/ha,  as  a  spray 
291-3^7  g/ha.  The  least  effective  In  aerosol  form  was  ronnel. 

When  the  organophosphorus  Insecticides  were  introduced  into 
practice  the  assumption  was  advanced  that  arthropods  would  not 
develop  resistance  to  those  preparations.  However,  these  hopes 
were  not  Justified;  In  a  number  of  countries  fly  populations 
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have  appeared,  v/hlch  are  r<.sl3tant  to  organophosphorus  insecticides. 
The  resistance  to  these  Insecticides  Is  not  as  high,  as  to  the 
chlorinated  hydrocarbons;  it  is  created  over  more  prolonged  periods 
and  disappears  more  rapidly. 

In  the  Soviet  Union  such  phenomena  have  still  not  been 
observed,  which,  obviously,  Is  connected  with  the  brief  period 
of  tlielr  application  here. 

A  ereat  advantage  of  the  organophosphorus  compounds  over 
the  ciilorlnated  hydrocarbons  from  a  hygienic  point  of  view  Is 
their  low  resistance  to  envlronmt ital  conditions,  which  Is  very 
Important  for  Insecticides  applied  to  control  the  pests  of  agri¬ 
cultural  cultures  (cotton,  fruit  trees,  grain,  vegetable  and 
other  cultures).  The  rapid  decomposition  of  the  organophosphorus 

compounds  decreases  the  danger  of  the  compounds  getting  Into 

/ 

the  human  organism  directly  or  along  with  food  products. 

A  distinctive  peculiarity  of  the  organophosphorus  compounds 
Is  their  capacity  even  In  small  concentrations  to  obstruct! 
cholinesterase . 

Acetychollne  Is  biologically  a  very  active  substance  possessing 
iaany-slded  action.  Acetylcholine  has  been  detected  In  all  tissues 
of  vertebrate  and  Invertebrate  animals,  also  Including  worms  and 
certain  plants. 

At  the  basis  of  the  toxic  action  of  the  organophosphorus 
compounas  on  vertebrate  animals  (as  well  as  at  the  basis  of  the 
insecticidal  action)  Is  the  mechanism  of  the  suppression  of 
enzymes  which  are  widespread  and  which  play  a  great  role  In  the 
organism,  l.e.,  enzymes  belonging  to  the  esterose  group,  especially 
cholinesterase.  In  the  course  of  Its  normal  function  the  latter 
[cholinesterase]  catalyzes  the  hydrolysis  of  choline  esters 
(the  hydrolysis  of  acetylcholine  Into  low-activity  choline  and 
acetic  acid). 
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The  presence  of  enzymes  In  the  tissues  of  Insects  or  mammals, 
which  are  able  to  hydrolyze  an  inhibitor  while  preserving  their 
own  activity,  to  a  considerable  extent  lov/ers  its  toxicity.  The 
toxicity  of  the  organophosphorus  compound  depends  on  a  number 
of  factors,  each  of  which  in  the  organism  of  insects  and  mammals 
plays  a  relatively  different  role.  Among  these  factors  R.  Metcalf 
Includes:  a)  the  transformation  of  an  insecticide  into  sn  active 
inhibitor  of  cholinesterase,  which  usually  occurs  by  oxidation; 
b)  the  relative  affinity  of  a  compound  for  various  cholinesterases, 
hence  its  activity  as  an  inhibitor,  c)  the  rate  of  the  reversibility 
of  the  suppressed  enzyme;  d)  the  hydrolysis  of  the  inhibitor  by 
the  enzymes. 

Prequenily  the  relationship  between  the  suppression  of 
cholinesterase  in  vitro  and  the  toxicity  to  insects  is  dispro¬ 
portionate.  Thus,  for  example,  phosphorothlonates  and  phospho- 
rodlthlonates  (thiophos  and  carbophos)  are  usually  weak  inhibitors 
of  cholinesterase  in  vitro,  but  possess  high  toxicity  to  Insects 
(thiophos  and  carbophos,  which  are  considered  to  be  some  of  the 
strongest  preparations).  This  is  explained  by  the  fact  that  such 
compounds  in  the  animal  organism  are  decomposed  to  their  Indlviduil 
parts,  which  suppress  cholinesterase. 

.  In  most  cases  in  the  poisoning  of  Insects  the  suppression 
of  other  esterases  (besides  cholinesterase)  has  a  secondary 
significance;  in  individual  cases  this  plays  the  same  role  as 
the  suppression  of  cholinesterase. 

Aiaong  the  organophosphorus  compounds  possessing  insecticidal 
properties  preparations  are  encountered,  which  also  differ  greatly 
from  each  other  in  their  anticholinesterase  properties,  in  their 
degree  of  toxicity  to  warm-blooded  animals  and  others.  But  all 
them,  to  one  extent  or  another  possess  the  capacity  to  suppress 
cholinesterase. 


Acetylcholine  exists  .n  large  concentrations  in  the  nervous 
tissues  of  both  vertebrate  and  Invertebrate  animals;  It  is  claimed 
that  this  substance  transmits  nerve  Impulses  to  the  sites  of 
the  myoneural  Junctions.  Its  eiccesslve  accumulation  In  the  animal 
organisms  interrupts  cholinergic  transmission  and  leads  tp  the 
death  of  the  animals. 

According  to  Dubois  and  others,  the  intra-abdominal  introduction 
of  malathlon,  chlorothlon,  tetrapropyldlthlopyrophosphate  leads 
to  the  suppression  of  cholinesterase  in  the  brain,  submaxlllary 
gland  and  especially  in  the  blood  plasma. 

This  served  as  a  basis  for  a  study  of  the  action  of  organo- 
phosphorus  compounds  on  the  central,  and  also  on  the  vegetative 
nervous  system,  where  acetylcholine  fulfills  important  physio¬ 
logical  functions  as  a  mediator  of  nervous  Impulses. 

According  to  Yu.  S.  Kagan,  the  Introduction  of  or^anophosphorus 
compounds  into  the  organism  of  warm-blooded  animals  causes  changes 
in  the  conditioned  and  unconditioned  reflex  activity  of  the 
animals . 

The  basic  action  of  the  anticholinesterase  compounds  is 
their  effect  on  the  pathway,  v;hlch  the  impulse  follows  along  the 
nerve  supplying  the  respiratory  muscles. 

A  certain  connection  exists  between  the  speed  and  degree  of 
suppression  of  blood  ciiollnesterase  and  the  severity  of  the 
syi:iptoms . 

The  duration  of  the  symptoms  of  poisoning  depends  partially 
on  the  speed  of  the  reactivation  of  cholinesterase  and  on  the 
speed;  at  v/hich  the  inhibitor  is  decomposed  or  is  removed  from 
tlie  tissues  of  the  animal  organism.  The  suppression  of  cholinesterase 
is  reversible. 


159 


The  rate  at  which  cholinesterase  returns  depends  on  the 
nature  of  alkyl  groups  combined  with  the  phosphorus  atom.  In 
the  case,  when  the  alkyl  groups  belong  to  metlioxy,  the  reversibility 
of  the  intoxication  is  rapid  in  the  early  stages. 

The  speed  of  the  restoration  of  cholinesterase  suppressed 
by  organophosphorus  compounds  is  slower  than  the  speed  of  the 
restoration  of  cholinesterase  suppressed  by  other  compounds.  Thus, 
cholinesterase  suppressed  by  carbamate  returns  to  normal  activity 
several  hours  after  removing  the  surplus  carbamate,  whereas 
cholinesterase  suppressed  by  organophosphorus  compounds  returns 
to  normal  only  after  several  days. 

The  speed  of  reactivation  depends  not  only  on  the  character 
of  the  inhibitors,  but  also  on  the  strength  of  the  enzyme.  The 
ability  of  organophosphorus  compounds  to  suppress  cholinesterase 
also  depends  on  the  stability  of  the  preparation  in  the  animal 
organism  right  up  to  and  including  its  direct  effect  on  chollnestera 

The  difference  in  the  speed  of  restoration  is  explained  by 
the  fact  that  certain  organophosphorus  preparations  introduced 
internally  are  not  only  absorbed  on  the  surface  of  the  enzyme, 
but  are  also  stably  combined,  as  a  result  o,f  which  an  irreversible 
chemical  reaction  is  obtained.  Thus,  the  suppression  by  an 
organophosphorus  compound  occurs  as  a  result  of  a  chemical  reaction 
between  the  insecticide  and  enzyme  with  the  formation  of  a  covalent 
type  bond.  The  speed  of  this  reaction  depends  on  the  reactivity 
of  the  organophosphorus  compound.  The  strong  inhibitors  of 
cholinesterase  are  those  compounds,  which  are  most  easily  hydrolyzed 
in  an  alkaline  medium. 

Besides  cholinesterase,  organophosphorus  compounds  act  on 
other  esterases:  trypsin,  esterase  of  the  human  liver,  lipase 
of  milk  and  others. 


Besides  these  esterat-js,  there  also  exist  others,  which  are 
not  suppressed  and  even  possess  the  capacity  to  hydrolytically 
decompose  certain  organophosphorus  compounds.  Thus,  para-oxon 
does  not  affect  the  all-esterase  of  the  serum  of  rabbits,  rats, 
and  horses,  and  this  esterase  actually  causes  the  catalysis  of 
Its  hydrolysis j  the  enzyme  "tabunase"  existing  In  the  plasma  and 
other  tissues  of  rabbits,  man,  horses,  and  certain  other  animals 
enzymatically  hydrolyzes  dlmethylophosphoramldocyanldate  (tabun) 
into  Its  appropriate  acids;  an  aromatic  esterase  existing  In  the 
erythrocytes  arid  plasma  of  man  Is  able  to  hydrolyze  a  number  of 
substituted  phenylacetates  and,  apparently.  Is  Identical  with 
all-esterase.  As  yet  there  Is  little  known  about  the  true  function 
of  these  esterases  which  are  not  susceptible  to  organic  phosphates; 

It  Is  possible  that  they  participate  In  the  mechanism  of  the 

detoxication  of  these  poisons.  | 

I 
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Of  all  the  domestic  animals  with  respect  to  acute  and  chronic 
poisoning  the  most  sensitive  to  the  effect  of  the  organophosphorus 
compounds  are  pigs .  Of  their  enzymes  the  most  highly  supipressed 
is  cholinesterase  (Ye.  I.  Spynu),  The  latter  is  restored  to  the 
normal  level  after  6-9  weeks,  and  subsequently  the  animals  must 
not  be  subjected  to  the  effects  of  organophosphorus  Insecticides 
for  a  period  of  10  weeks. 

According  to  Gershon  and  Show,  In  l6  subjects  subjected  to 
the  cnronic  effect  of  oVganophosphorus  Insecticides,  there  was 
noteu  disturbance  of  the  memory  and  attention,  against  the  back¬ 
ground  of  which  7  patients  became  depressed,  5  developed 
sclilzophernolu  psychosis  with  notions  and  hallucinations  of  hearing 
things  and  one  -  a  twilight  state  (fugue).  The  psychosis  lasted 
not  less  than  6  months  after  the  cessation  of  the  effect  of 
tne  organophosphorus  Insecticides;  almost  all  the  patients 
recovered  within  12  months  from  the  beginning  of  the  psychosis. 

At  the  basis  of  the  psychosis  lies  the  Inhibition  or  the  decompo.-^ltlon 
of  cholinesterase  caused  by  these  Insecticides. 


Acetlone 


Aaetlone  -  CjjH^yOijPSg  -  0,0-dlethyl-S-carbethoxymethylphosphoro- 
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dlthionate  -  a  yellowish  liquid  with  a  mild  ether  odor.  Its 
boiline  point  is  107-108“  at  0.2  mm  Hg;  its  specific  gravity  is 
1.1796,  its  index  of  refraction  is  1.5007;  the  preparation  is 
Insoluble  in  water,  in  connection  with  which  a  30SS  emulsion  concen¬ 
trate  is  prepared. 

It  possesses  considerable  insecticidal  properties;  when  the 
preparation  is  applied  to  flies  the  LD^q  is  0.4  pg/|g,,  for 
cockroaches  -  100  wg/g,  for  lice  -  O.63  wg  per  insect  or  13  uc/g. 

According  to  V.  I.  Vashkov  and  Ye.  V.  Shnayder,  when  the 

emulsion  of  the  preparation  is  applied  to  glass  at  a  rate  of 
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0.05-0.1  g  of  active  substance  per  m  it  causes  the  death  of 

80-95?  of  the  Insects  after  5  minutes  of  contact.  With  an  increase 

2 

of  the  dosage  of  the  insecticide  to  0.25  S/m  complete  destruction 
of  the  insects  was  noted  within  30-60  minutes. 

V.'hen  applied  to  other  surfaces  the  effectiveness  of  the 
preparation  is  lower  than  on  glass;  thus,  on  wood  when  the 
preparation  is  applied  at  a  rate  of  2  g/m  from  17  to  28?  of  the 
flies  die  after  5  minutes  of  contact  and  60?  after  10  minutes 
of  contact. 

On  wallpapers  and  surfaces  painted  with  an  oil-based  paint 
the  preparation  is  ineffective,  on  plywood  the  mortality  rate  of 

flies  after  5  minutes  of  contact  is  on  the  average  35?  with  an 

2  2 
expenditure  of  1  g/m  and  57S  at  2  g/m  . 
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The  residual  Insectlc. action  of  acetlone  on  surfaces  Is 

In  direct  dependence  on  the  rate  of  expenditure  of  the  preparation 

per  unit  of  area.  Thus,  for  example,  when  the  Insecticide  Is 

2 

applied  to  glass  at  a  rate  of  0.5  g/m  high  destruction  of  files 

was  noted  during  the  course  of  2-3  days;  when  the  dosage  was 

2 

Increased  to  1  g/m  the  Insecticidal  action  was  preserved  for 
7-8  days. 

The  preparation  possesses  considerable  larvlcldal  properties; 
with  the  addition  of  50  mg  of  the  preparation  per  kg  of  substrate 
the  mortality  rate  of  the  larvae  reaches  97%  after  96  hours. 

Increasing  the  dose  to  200  mg/kg  does  not  accelerate  Its  toxic 
action. 

Satisfactory  results  were  obtained  with  respect  to  common 

cockroaches;  their  complete  destruction  was  noted  24  hours  after 

15  minutes  of  contact  with  surfaces,  on  which  the  preparation 

2  2 

had  been  applied  at  a  rate  of  1  g/m  ;  at  0.5  g/m  the  mortality 
rate  of  the  insects  reached  45?.  Acetlone  was  more  effective 
with  respect  to  fleas  and  body  lice;  thus,  the  complete  destruction 
of  fleas  occurred  after  15  minutes  of  contact  with  a  neutral 

p 

surface  (glass), on  which  there  had  been  applied  0.25  g/m  of  the 
preparation. 

Body  lice  after  contact  with  a  treated  glass  surface  are 

2 

almost  destroyed  with  a  dose  of  0.1  g/ni  and  an  exposure  of  15 
minutes.  Cotton  fabric  becomes  toxic  to  lice  when  It  Is  exposed 
for  3  hours  and  Impregnated  with  a  0.5?  emulsion;  under  certain 
conultlons  the  mortality  rate  of  the  insects  reaches  90?.  Lengthening 
tiic  time  of  contact  of  the  lice  with  the  Impregnated  fabric  up 
to  24  hours  makes  it  possible  to  decrease  the  concentration  of 
tile  Insecticide  to  0.05?,  and  at  this  concentration  complete 
destruction  of  the  lice  Is  also  observed.  Cotton  fabric  treated 
with  a  0.5?  emulsion  of  acetlone  (of  active  substance)  with  open 
storage  under  room  conditions  preserves  Its  Insecticidal  properties 
for  25-30  days. 


'i’he  preparation  Is  volatile;  its  vapors  are  toxic  to  Insects. 
A  very  Important  property  of  acetione  is  the  fact  that  it  is  only 
slightly  toxic  to  warm-blooded  animals.  According  to  O'Brien, 
the  Kiice  is  1280  mg/kg. 

In  a  study  of  the  metabolism  of  the  preparation  in  animals 
it  was  established  that  it  is  decomposed  in  the  liver,  as  a  result 
of  which  acetione  acid  la  formed. 

Acetophos 

Acetophos  —  CyHj^yO^PS  —  0,0-diethyl-S-carbethoxymethylthlo- 
phosphate. 


Synonym  -  acetoxom. 

Pure  acetophos  --  a  clear,  yellowish  liquid  with  a  mildly 
unpleasant,  but  not  a  stable  specific  odor.  Its  molecular  weight 
is  256;  its  boiling  point  is  120°  at  C.I5  mm  Hg,  95°  at  0.03 
mm  Hg^  the  index  of  refraction  is  1.^162^1;  the  specific  gravity  is 
1.101*0. 

The  tecnnlcal  product  is  an  oily  liquid  with  a  yellowish 
color.  Its  index  of  refraction  is  l.l*6i--l.i*6i<-  Its  specific 
gravity  is  1.320-1.850.  Acetophos  mixes  readily  with  water  in 
any  proportions.  It  has  an  acid  reaction.  It  possesses  contact, 
intestinal  and  fumlgatlonal  action  with  a  positive  temperature 
coefficient.  V/lth  an  increase  of  temperature  the  coefficient  of 
insecticidal  action  is  increased  by  1  1/2-3  1/2  times. 


There  is  little  in  1  weiature  on  acetophos.  O’Brien  notes 
that  acetophos  containing  the  carboxyester  group  is  less  selective 
than  acetione,  i.e.,  the  selective  action  on  Insects  in  comparison 
with  warm-blooded  animals  of  acetophos  is  less  expressed  than 
acetione.  The  experimental  data  of  the  authors  about  the  anti¬ 
cholinesterase  activity  of  these  preparations  agree  with  the 
accepted  view  that  phosphates  (acetophos)  are  more  active  than 
the  corresponding  thlonophosphates.  The  preparation  was  synthesized 
at  the  Scientific  Research  Institute  of  Pertlllzers  and  Insecto- 
fungicides  (Ya.  N.  Mandel'baura,  N.  W.  Mel'nikov  and  others). 

In  disinfestation  acetrophos  can  be  applied  in  different 
forms:  in  the  form  of  aqueous  solutions,  disinfecting  powders, 
suspensions,  insecticidal  ointment  and  oil.  The  latter  contains 
10%  of  the  preparation.  Into  the  composition  of  the  insecticidal 
ointment  there  goes  3-3%  acetophos,  69-70%  liquid  petrolatum, 
18.5-18^  ceresin,  3-- 5?  paraffin  and  3%  odorant. 

Acetophos  possesses  high  insecticidal  properties:  with  an 

Increase  in  the  temperature  the  insecticidal  properties  Increase 

by  1  1/2-3  1/2  times.  (/1th  respect  to  house  flies  and  rat  fleas 

it  is  almost  10  times  more  toxic  than  chlorophos;  a  dose  of 

2 

acetophos  equal  to  0.01  g  per  m  of  glass  surface  causes  the 

death  of  93%  of  the  flies  after  5  minutes  of  contact  and  lOS 

of  the  fleas  after  15  minutes  of  contact.  With  respect  to  bed 

bugs  the  insecticidal  activity  of  acetophos  is  analogous  to  the 

action  of  chlorophos,  i.e.,  the  contact  of  bugs  with  a  surface 

(glass)  treated  at  a  rate  of  0. 5-0.1  g  per  m  causes  the  death  of 

a  number  of  insects  after  2^  hours  and  their  complete  destruction 

within  hours.  On  the  common  cockroach  the  action  of  acetophos 

is  in  2-3  times  weaker  than  the  action  of  chlorophos;  the 

2 

expenditure  of  0.5  g  of  the  preparation  per  m  of  glass  provides 

within  4u  hours  the  destruction  of  up  to  80X  of  the  insects 

after  30  minutes  of  contact;  complete  destruction  of  cockroaches 

is  noted  within  72  hours  after  15  minutes  of  contact  on  surfaces 

2 

to  which  the  preparation  has  been  applied  at  a  rate  of  1  g/m  . 


The  insecticidal  activity  of  acetophos  when  applied  to  a 

surface  to  a  considerable  degree  depends  on  its  form  and  character. 

For  example,  on  surfaces  painted  with  oil  based  paint  the  aqueous 

solutions  of  the  preparation  with  respect  to  flies  and  fleas  are 

2 

effective  at  a  dose  of  1  g  of  active  substance  per  m  with  an 
exposure  of  15-30  minutes]  with  respect  to  bugs  and  cockroaches 
the  effectiveness  of  the  preparation  is  lower.  In  treating  surfaces 
painted  with  an  oil  base  paint  with  aqueous  solutions  of  acetophos 
yellowish  spots  remain.  On  wood  the  effectiveness  is  considerably 
lower  than  on  a  surface  covered  with  oil  base  paint.  The  destruction 

of  70$  of  the  house  flies  is  attained  only  when  the  preparation 

2 

is  applied  at  a  rate  of  3  g  per  n  with  an  exposure  of  15  minutes. 

The  insecticidal  activity  of  acetophos  on  such  surfaces,  as 
wallpaper,  plywood  and  cotton  fabric  with  brief  (exposures  is  very 
insignificant.  After  a  5-minute  contact  of  flies  with  wallpaper 
and  plywood,  treated  with  aqueous  solutions  at  a  rate  of  3  E  of 
preparation  per  m  only  from  20  to  50$  of  the  insects  die. 

Analogous  data  were  obtained  with  the  impregnation  of  cotton 
fabric  with  which  body  lice  and  bed  bugs  had  come  in  contact. 

The  residual  action  of  the  preparation  was  determined  on 
surfaces  of  glass  and  those  painted  with  oil  base  paint  for 
various  intervals  of  time  after  treatment.  As  a  result  it  was 
established  that  with  an  expenditure  of  2  g  per  m  (glass  surface) 
the  insecticidal  properties  are  retained  for  over  10  days,  on  a 
surface  painted  with  oil  base  paint  -  5-7  days. 

It  is  necessary  to  note  that  the  insecticidal  properties 
of  acetophos  in  summer  at  an  air  temperature  of  25-27®  are  considerably 
higher  than  in  autumn  at  a  temperature  of  17-10®.  Thus,  for 
example,  on  surfaces  painted  with  oil  base  paint  and  treated  with 
acetophos  at  a  rcte  of  1  g/m'  the  mortality  rate  of  flies  after 
5  minutes  of  contact  in  the  first  case  reaches  7^$,  and  in  the 
second  50$  in  the  case  when  2  g  of  preparation  per  m  of  surface 


was  applied  and  after  5  mj.  ui.  js  of  exposure  at  a  temperature  of 
22°  56?  of  the  flies  die,  and  at  18°  the  death  rate  of  the  flies 
is  15%. 

V/ith  respect  to  body  lice  acetophos  is  distinguished  by  its 
high  toxicity.  The  submersion  of  mature  individuals  in  0.515 
aqueous  solutions  of  the  preparation  for  5  minutes  causes  the 
death  of  70-75%  of  the  insects  within  24  hours;  increasing  the 
concentration  of  the  solution  to  li*  provides  complete  destruction 
of  the  lice  with  the  same  exposure.  Wher.  topically  applied 
the  LD^q  Is  within  the  limits  of  0.02  pg  per  individual  or  13  vg/g* 

The  insecticidal  action  of  calico,  satin,  knitted  fabric, 
repp  and  other  fabrics  impregnated  with  acetophos  and  its  analog 
(2  g/m^)  decreases  considerably  after  washing  in  warm  wa^er  with 
soap.  The  destruction  oi^  lice  after  contact  with  washed  fabrics 
is  within  the  limits  of  50%  and  lower.  Wool  fabrics  also  preserve 
their  insecticidal  properties  after  washing  for  a  month. 

One  of  the  advantages  of  acetophos  over  other  preparations  is 
its  ovlcldal  properties  with  respect  to  nits.  According  to  V.  D. 
Larionova,  to  combat  head  pediculosis  the  most  promising  are 
3-0%  vaseline  ointments  or  shampoo  containing  the  same  amount  of 
preparation.  A  single  application  of  acetophos  in  ointment  or 
shampoos  causes  the  complete  destruction  of  lice  and  nits;  the 
latter  are  easily  removed  from  the  nair  by  combing  with  a  fine 
conb.  After  the  submersion  of  lice  eggs  in  a  ).5J5  solution  for 
2  hours  or  in  a  l^  solution  for  1  hour  the  lice  do  not  hatch  from 
the  eggs. 

Acetopiios  in  its  larvlcldal  action  with  respect  to  the  larvae 
of  house  flies  belongs  to  the  highly  effective  preparations.  Under 
laboratory  conditions  50  mg  of  the  preparation  per  kg  of  substrate 
provide  complete  destruction  of  the  larvae,  after  3  days.  In 
the  same  experiments,  where  after  72  hours  the  Individual  larvae 
did  not  die,  the  flies  did  not  hatch. 
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If  acetophos  Is  compared  with  chlorophos,  then  in  Its 
larvicldal  properties  with  respect  to  fly  larvae  acetophos  Is 
somewhat  weaker  than  chlorophos,  although  its  toxic  doses  are 
also  very  small. 

Acetophos  In  its  Insecticidal  action  with  respect  to  the 
larvae  of  mosquitoes  is  equal  to  chlorophos.  The  minimum  effective 
dose  of  the  preparation  causing  complete  destruction  of  mosquito 
larvae  is  0.5  g  per  m^i  in  the  case  about  1055  of  the  pupae  die. 
Doses  of  100  and  50  mg  of  acetophos  per  of  water  kill  66^80% 
of  the  larvae  of  mosquitoes  and  midges  (A.  N.  Alekseyev,  A.  P. 

Ignat ' yev ) . 

To  determine  the  insecticidal  activity  of  acetophos  In 
aerosol  form  the  latter  was  tested  In  the  laboratory  by  Ye.  V. 
Shnayder  by  burning  filter  paper  Impregnated  with  the  preparation, 
and  aerosol  tablets  containing  22%  acetophos  (A.  II.  Sidorov). 

As  a  result  it  was  established  that  aerosols  obtained  by  the 
burning  of  tablets  are  more  effective  than  by  burning  paper 
impregnated  with  the  preparation.  The  optimum  dose  of  the  prepa¬ 
ration,  whlcii,  when  sublimated,  causes  the  complete  destruction 

•j 

of  flies  after  2^1  hours  is  0.1  g  par  nr  when  tablets  are  burned 
and  0.2  g  —  'when  aerosol  paper  is  burned. 

The  death  of  3^-SC%  of  the  flies  was  obtained  after  2-3 
hours  and  of  1001*  of  the  flies  —  after  4-5  hours  when  tablets 
were  used  at  a  rate  of  0.2  g  of  preparation  per  m*'.  The  prepa¬ 
ration  in  large  concentrations  suppresses  the  cholinesterase  of 
flies. 

As  a  result  of  a  single  application  of  a  0.5J5  solution  of 
acetophos  complete  destruction  of  the  bugs  v;as  not  achieved  in 
connection  with  which  a  solution  of  the  same  concentration  was 
applied  repeatedly  after  10  days.  This  provided  the  complete 
liberation  of  the  quarters  from  bugs.  In  those  quarters,  where 


n 
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aqueous  solutions  were  applied,  complete  destruction  of  the 
bu£S  was  achieved  after  a  single  treatment. 

To  combat  files  a  1^  aqueous  solution  of  aeetophos  W|BS  used 

to  treat  the  walls  of  basement  quarters  (70  m  ),  next  to  Which 

was  a  trash  container  from  which  many  files  were  seen  flying  Into 

the  basement.  The  walls  of  the  premises  plastered  and  whitewashed 

2 

were  treated  at  a  rate  of  100  m£/m  .  As  a  result  there  was  noted 
the  rapid  destruction  of  the  files,  flying  Into  the  area.  The 
residual  action  was  preserved  for  7  days.  ’ 

It  Is  necessary  to  note  that  the  odor  of  aeetophos  In  well 

ventilated  quarters  disappears  rapidly.  The  preparation'  Is  also 

used  to  combat  the  pests  of  agricultural  plants  (S.  A.  Roslavtseva). 

*  . 

In  studying  the  fumigatlonal  action  of  aeetophos'  It  was 
established  that  the  vapors  of  this  preparation  In  their  Insecticidal 
activity  with  respect  to  house  flies  are  considerably  Inferior 
to  chlorophos.  Placing  entomological  populations  (In  container) 

(with  a  dimension  of  6  *  4  x  2  cm)  of  flies  for  24  hours  In 
half-liter  glass  Jars,  the  walls  of  which  on  the  Inside  were 
covered  with  filter  paper  impregnated  with  aeetophos  (1  g/m  ) 
did  not  result  in  the  complete  destruction  of  the  Insects. 

V/ith  respect  to  warm-blooded  animals  aeetophos  Is  a  compara¬ 
tively  nontoxic  preparation.  According  to  A.  P.  Volkova,  when 
aeetophos  is  orally  administered  to  animals  for  mice  Is 

700  mg/kg.  In  pure  form  It  causes  local  irritation  and  has  a 
general  toxic  action  when  applied  at  a  dose  of  0.1’  mt  on  the  skin 
of  the  back  of  white  mice  or  on  the  mucous  membrane  of  the  eyes. 
Aqueous  solutions  of  the  preparation  at  a  concentration  of  l-2< 
when  applied  to  the  skin  one  time  and  repeatedly  for  a  period  of 
3  days  do  not  cause  toxic  symptoms  and  Irritation  of  the  skin. 

The  pure  preparation  causes  acute  hyperemia,  edema  and  necrosis 
of  the  skin,  and  also  death  to  the  animal  within  2-24  hours.  When 

( 
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applied  to  the  mucous  membrane  of  the  eyes  acetophos  In  Its  pure 
form  causes  acute  irritation  (conjunctivitis,  edema,  epiphora  and 
acute  stenocorlosls  by  5-6  times);  after  hours  these  symptoms 

disappear.  A  1?  aqueous  solution  causes  mild  contraction  of  the 
pupil  and  mild  conjunctivitis;  after  24  hours  all  the  symptoms 
pass.  In  experiments  Involving  the  inhalation  of  the  aerosols 
of  acetophos  by  the  burning  of  tablets  at  a  rate  of  0.2  g  of 
active  substance  per  m  a  single  time  and  repeatedly  for  a  period 
of  10  days  toxic  symptoms  were  not  observed  in  rats  and  rabbits. 

Daytex 

Bay t ex  -  -  0,0  dlmethyl-0-(4-methylthio-3-tolyl) 

phosphorothlonate . 

N)ch» 


Synonyms:  bayer-29493  or  S-1752,  entex  and  others.  It  belongs 
to  the  group  of  phosphoric  acid  esters. 

Its  molecular  weight  Is  278. 53 >  the  index  of  refraction  is 
1.5698,  the  boiling  point  is  105®  at  C.Ol  mm  Hg.  Its  vapor 
pressure  is  3’ 10”^  mm  Hg  at  20°;  it  is  heat-resistant  up  to  210°; 
it  is  resistant  to  alkalis  up  to  pK  9;  degree  of  purification 
is  Baytex  Is  soluble  in  the  majority  of  organic  solvents  and 

practically  insoluble  in  water.  It  does  not  decomy;ose  in  light. 

The  active  substance  -  a  brown  liquid  wl*h  a  relatively  weak  odor 
reminiscent  of  the  odor  of  garlic. 

Daytex  is  effective  with  respect  to  a  wide  range  of  insects. 

Its  Insecticidal  properties  have  been  studied  on  40  forms  of 
arthropods.  It  can  be  considered  a  good  substitute  for  DDT  in 
those  cases,  when  Insects  resistant  to  the  latter  are  encountered. 


Baytex  Is  produced  In  the  form  of  an  emulsion  concentrate,  a 
25%  wettable  powder,  a  3%  oil  solution  and  5%  granules.  The 
preparation  is  highly  toxic  to  flies,  mosquitoes,  codkroaohes, 
fleas  and  other  arthropod  carriers  of  infectious  diseases  when 
it  is  used  at  a  rate  of  1.7  g/m  . 

For  house  flies  LDca,  when  topically  applied.  Is  equal  to 

2  2 

4.8  ing/kg.  On  filter  paper  (5  mg/ra  ),  on  wood  (1.2  g/m  ),  on 

2  2 
glass  (1  g/n  ),  on  fired  and  unflred  clay  (1.5  and  1.7  g/m  ) 

complete  destruction  of  flies  Is  obtained. 

The  spraying  of  surfaces  in  dwellings.  In  cowbarns  and  other 
places  where  flies  congregated  with  its  emulsions  or  suspensions 
containing  0.5  g/m^  of  baytex,  or  Its  emulsions  with  the  addition 
of  12. 5S  sugar  decreased  the  number  of  flies  for  13  weeks.  The 
preparation  Is  highly  effective  In  all  food  baits. 


According  to  Blasgues,  In  the  laboratory  on  glass  the  effec¬ 
tiveness  of  baytex  Is  retained  for  12  weeks;  on  slay  treated  at 
a  rate  of  3  g/m  the  mortality  rate  reach  a  total  of  28H  over  a 
period  of  4  days. 

2 

After  applying  the  preparation  at  a  rate  of  1.1  g/m  to 
clay  walls  destruction  of  mosquitoes  (Culex)  was  observed  over 
a  period  of  30  days.  Analogous  results  were  obtained  when  it 
was  applied  to  glass  at  a  rate  of  1-3  g/m2.  The  duration  of  the 
residual  action  on  glass  was  155  days  (Young).  In  living  quarters 
at  a  temperature  of  25®  and  humidity  of  85?  when  It  Is  used  at  a 
rate  of  1  g/m  the  duration  of  the  residual  action  was  6  months. 

In  the  Congo  after  applying  the  preparation  to  surfaces  at  a 
rate  of  0.4  g/m  the  number  of  mosquitoes  In  the  treated  areas 
as  compared  to  the  control  was  40  times  less  (Davis,  Cerf). 


In  using  granules  to  treat  reservoirs,  containing  baytex, 
tlie  latter  retains  Its  insecticidal  properties  for  a  week. 
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A  Study  of  baytex  stability  showed  that  In  solar  rays  and  In 
air  It  Is  completely  converted  Into  sulfoxide  and  sulfonic  product3 
of  oxidation  within  1-3  days;  these  products  are  rapidly  decomposed 
Into  nonlnsectlcldal  compounds.  Under  the  effect  of  heating  baytex 
Is  rapidly  converted  Into  the  S-methyl  Isomer. 

Baytex  possesses  relatively  low  toxicity  to  fish,  but  high 
toxicity  to  mosquito  larvae.  Thus,  for  example,  its  concentration 
within  the  limits  of  1:1,000,000  did  not  have  a  harmful  effect 
of  fries  of  Lebistes  retlculatus  peters  fish  after  48  hours  of 
contact,  whereas  Its  concentration  within  the  limits  of  0.01  part 
per  million  during  24  hours  of  exposure  is  lethal  for  Aedes 
aegyptl  and  Culex  plpiens  larvae  in  the  stage  before  pupation. 
Baytex  is  highly  toxic  to  imagoes,  when  it  is  used  at  a  rate  of 
115  g/ha  it  results  In  the  complete  destruction  of  adult  mosquitoes 
(Table  8). 


Table  8.  Comparative  toxicity  of  certain  insecticides  to  Culex 
mosquitoes,  LDi^q. _ , 


Name  of  preparation 

Preparations  (mg/t) 

Concentration 

{%) 

larvae 

pupae 

adults 

Baytex . 

0.003 

0.58 

0.0009 

Tirithlon. . . . 

0.003 

0.5 

0.12 

Dlazlnon . 

0.035  , 

2.7 

0.016 

Mlalthlon . 

0.031 

3.1 

0.009 

Chrbophos . 

0.021 

2.8 

— 

DDT . . 

0.23 

— 

— 

In  houses  treated  with  baytex  there  is  complete  destruction 

of  cockroaches,  bed  bugs  and  fleas.  American  cockroaches  die  with 

2 

the  presence  of  50  ng/m  of  preparation  on  a  surface.  The 
preparation  Is  not  recommended  for  application  in  treating  the 
Interiors  of  living  quarters,  chicken  coops,  cow  barns  and  those 
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areas,  where  children  or  domestic  animals  come  Ir  direct  contact 
with  the  treated  surfaces.  It  Is  not  necessary  td  wet  asphalt 
surfaces,  rubber,  plastic  materials  very  much  with  the  emulsicns 
and  oil  solutions  of  this  compound.  Baytex  possesses  consliderable 
acaricldal  properties. 

In  determining  the  systemic  properties  of  baytex  It  was 
established  that  the  administration  to  rabbits  of  25  mg/kg  and  the 
planting  of  bugs,  mites  and  ticks  on  them  completely  killed  the 
former  and  only  59?  of  the  tv/o  latter.  When  a  dose  of  10  mg/kg 
was  used  the  arthropods  did  not  die  (Brady).  Its  toxicity  to 
mammals  is  slight.  It  is  highly  toxic  to  birds. 

The  of  the  preparation  when  orally  administered  to  hens 

and  ducks  is  15-30  mg/kg,  for  rats  -  190-310  mg/kg,  for  guinea 
pigs  -  260  mg/kg.  When  Intra-abdominally  administered  to  various 
animals  the  LD^q  Is  from  125  to  325  mg/kgj  when  acting  on  the  skin 
of  rats  -  330-500  mg/kg,  when  Inhaled  by  rats  -  2. A  mg/£  of  air 
over  a  period  of  60  minutes.  Its  toxicity  is  considerably  lower 
than  certain  widely  applied  Insecticides.  Thus,  for  example,  for 
rats  the  of  lindane  Is  125  rag/kg  for  dleldrln  it  is  50  mg/kg, 

for  dlazinon  it  is  2^3  mg/kg,  for  baytex  it  Is  310  mg/kg,  for 
dlpterex  450  mg/kg  and  carbophos  3140  mg/kg. 

Butonate 

butonate  —  “  0,0-dlmethyl-2,2,2-trlchloro-l-(n- 

butyryloxy )ethylphosphonate . 

cH-o-i-cBt-cat-ca, 

It  Is  a  colorless,  somewhat  oily  liquid  with  a  specific 
gravit;  of  1.3742.  It  has  a  slight  ester  odor.  It  is  llght-reblstant 


155 


and  dec^poses  at  150®.  It  is  not  stable  In  an  alkaline  raedlun;  it 
readily  mixes  with  the  majority  of  organic  solvents:  benzene, 
hexane,  xylene,  toluene,  acetone,  ethanol,  methanol.  In  deodorized 
kerosene  it  dissolves  within  the  limits  of  2-3?.  Dutonate  combines 
wit;h  the  majority  of  the  nonalkallne  insecticides  and  fungicides. 

It  is  manufactured  (abroad)  in  the  form  of  oil  solutions,  emulsions, 
wettable  powders  and  disinfecting  powders.  Dutonate  at  concentrations 
of  0.3-2$  is  used  to  combat  flies,  mosquitoes,  cockroaches  and 
certain  other  Insects. 

When  butonate  is  applied  to  glass  at  a  dose  rate  of  0.6  g 

2 

per  ra  its  effectiveness  with  respect  to. flies  is  preserved  for 
a  v/eek.  V/hen  butonate  is  applied  to  plywood  in  the  form  of  an 
emulsion,  oil  solution  or  wettable  powder  it  provides  complete 
destruction  of  cockroaches  for  3  weeks.  V/hen  it  is  used  in  the 
form  of  aerosols  at  a  dose  rate  of  0.69  g/m^  paralysis  of  flies 
occurs  after  15  minutes  (85$),  and  a  mortality  rate  of  87$  after 
2k  hours,  in  the  composition  of  the  aerosol  there  is  1.5$  butonate, 
0.2$  pyrethrlns,  0.5$  plperonyl  butoxide,  12.8$  petroleum  distillate 
and  5$  methylene-chloride  and  propellant.  When  the  solutions 
are  sprayed  at  a  dose  rate  of  0.^1  mg/m^,  containing  1.2$  butonate 
complete  destruction  of  cockroaches  was  achieved.  For  practical 
application  the  following  forms  of  the  preparation  are  recommended: 
1.5$  butonate  in  aerosol  form  against  flies  and  other  flying 
insects;  the  solution  for  application  to  a  surface  is:  0.4-0. 8$ 
butonate  by  weight  mixed  with  pyrenthrlns  and  a  synergist . 

Butonate  is  only  slightly  toxic  to  mammals.  V/hen  orally 
administered  it  is  to  a  considerable  extent  removed  from  the 
organism  of  rats  within  several  days;  the  preparation  is  decomposed 
primarily  in  the  blood  scrum,  liver  and  fatty  tissue;  it  is  a 
cholinesterase  inhibitor  —  the  suppression  of  this  enzyme  In  the 
nerves  of  Insects  causes  paralysis  and  death  ensues.  Atropine 
is  used  as  an  antidote.  The  LD^q  for  white  rats  is:  when  orally 
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introduced  1100-1600  mg/kg,  subcutaneously  -  70O  mg/kg,  intra- 
periloneally  -  700  mg/kg,  on  the  skin  -  7000  mg/kg;  Inhaling  median 
doses  8  hours  with  10-mlnute  Intervals  does  not  have  any  effect, 
besides  lowering  the  activity  of  cholinesterase  by  73?  In  the 
erythrocytes  and  by  52%  In  the  brain:  with  the  presence  in  feed 
of  1?  butonate  a  decrease  in  weight  of  40-50?  is  noted  as  compared 
to  the  control. 


Dow 

Ifhe  Industry  of  the  western  countries  manufactures  two 
preparations:  Dow-109  and  Dow-105.  Synonym  0-(4-tert-butyl-2- 
chlorophenyD-O-methyl-N-methylamldophosphate,  ruelene. 

Dow-105  —  ethylamlde-0-(4-tert-butyl-2-chlorophenyl)-0- 
methylthlophosphate.  It  belongs  to  the  group  of  compounds  called 
systemic  preparations.  It  is  used  in  controlling  ectoparasites 
of  birds  and  animals  by  dusting  them,  and  also  by  introducing  it 
internally  with  their  feed. 

V/hen  its  0.5-1?  solutions  are  used  on  birds  at  a  rate  of 
25  mJi  per  bird  complete  destruction  of  mites  and  ticks  is  observed, 
whereas  the  destruction  of  lice  and  fleas  did  not  exceed  50-60?. 

To  control  animal  ectoparasites  Dow  is  used  in  the  form  of 
granules  and  solutions,  which  are  administered  to  the  animals 
with  their  feed,  and  also  they  are  dusted  with  this  preparation. 

With  the  oral  adml  ^istration  of  10-15-25  mg/kg  the  destruction  of 
the  larvae  of  warble  flies  and  lice  on  animals  fluctuated  from 
76  to  100?. 

After  an  oral  administration  to  guinea  pigs  of  50-100  mg/kg 
of  the  preparation  there  was  observed  the  destruction  of  100? 
of  the  Insects,  feeding  on  the  blood  of  these  animals.  An  injection 


155 


of  the  same  preparation  In  th‘e  amount  of  100  mg/kc  causes  the 
destruction  of  warble  fly  larvae. 

In  combating  the  warble  fly  Dow  Is  Introduced  Into  the  animals 
subcutaneously  and  Intramuscularly  at  a  rate  of  15  mg/kg.  In  certain 
animals  after  a  subcutaneous  Introduction  ataxia  Is  observed, 
possible  also  as  a  result  of  the  Joint  side  effect:  the  disintegration 
of  the  preparation  and  the  decomposition  of  the  warble  fly  larvae. 

V/hen  animals  are  sprayed  with  a  0.5-0.75-1^  Dow  emulsion  at  a  rate 
of  1-2  i  per  animal  30-90?  of  the  warble  fly  larvae  died.  Moreover, 
the  residual  effect  of  the  Insecticides  was  preserved  for  approxi¬ 
mately  3-^  months. 

Dow  does  not  cause  a  noticeable  suppression  of  the  activity 
of  blood  cholinesterase  and  poisoning  of  animals.  It  was  established 
that  In  30-^0?  of  the  calves  after  the  introduction  of  the 
preparation  at  a  rate  of  7*5  mg/kg  poisoning  symptoms  were  observed 
within  2  days  -  torpor,  debility,  poor  appetite;  with  an  increase 
of  the  dose  tp  15  mg/kg  per  day  the  symptoms  were  more  expressed, 
but  they  disappeared  after  24  hours. 

Dow,  like  ronnel,  promotes  the  development  of  immunity  In 
animals  treated  with  It,  after  destroying  the  warble  fly  larvae 
in  one  c  ason  In  the  following  year  a  smaller  quantity  of  them 
Is  observed  on  the  animals. 


DDVP 


Dime  thy  Idldhlorovlnylphosphate  (DDVP)  -  C^H.^02^PCl2 . 


Synonyms:  dimethyl-2,2-dlohiorovlnylphosphate,  0,0-dlmethyl-0- 
(2,2-dichlorovlnyl)pho3phate,  vapona»  dichlophos  and  others.  Its 
molecular  weight  is  227* 

The  DDVP  —  a  product  of  the  dehydrochlorlnatlon  of  chlorophos 
(the  latter  abroad  Is  called  Bayer  L-13/59  and  dlpterex).  As 
a  result  of  investigations  it  has  been  established  that  dlmethyldlchlo- 
rovinylphosphate  is  a  highly  toxic,  volatile  admixture  of  technical 
alpterex. 

The  DDVP  Is  a  clear,  transparent  liquid.  Its  boiling  point  is 
57-60®  at  0.3  min  Hg.  Its  vapor  pressure  0.15  mm  Kg  at  20®. 


The  DDVP  mixes  completely  with  the  aromatic  hydrocarbon  solvents, 
the  chlorinated  hydrocarbons,  alcohols,  freonNo.il;  it  dissolves 
poorly  in  diesel  oil,  kerosene,  isoparaffin  hydrocarbons,  and 
mineral  oils.  The  preparation  is  slightly  soluble  in  water  (about 
l/*)j  glycerine  and  freon  No.  12.  The  DDVP  corrodes  black  iron,  soft 
steel,  in  the  absence  of  humidity  it  does  not  corrode  aluminum, 
nickel  and  stainless  steel.  Light  polyethylene  fabric  la  permeable 
to  its  vapors.  It  is  hydrolyzed  In  the  presence  of  water  and  Is 
rapidly  decomposed  in  th“  presence  of  strong  acids. 

In  the  Soviet  Union  DDVP  was  synthesized  in  the  Scientific 
itesearch  Institute  of  Fertilizers  and  Insectofunglcldes  in  1955* 

The  preparation  possesses  high  insecticidal  properties;  it  is 
approximately  equal  thlophos,  but  in  its  toxicity  to  animals  It 
is  considerably  inferior  to  it. 


In  its  synthesis  Instead  of  the  methyl  radicals  there  can  be 
Introduced  the  ethyl  radicals,  but  such  a  compound  In  its  Insecticidal 
properties  is  Inferior  to  DDVP.  From  the  preparation  there  are 
prepared  20S  concentrates,  oil  solutions,  water  emulsions  In 
petroleum  solvents;  the  preparation  is  added  to  food  baits  (in 
solutions  and  granules).  It  is  not  recommended  that  the  working 
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solutions  be  prepared  for  storage,  they  should  be  applied  immediately 
after  preparation.  The  DDVP  is  highly  effective  when  it  is  used  to 
destroy  a  large  number  of  Insects,  especially  with  respect  to 
paraslt'es  in  dwellings.  It  possebC'is  systemic,  contact,  fumlgatlonal 
and  Intestinal  actlonj  its  insecticidal  properties  vary  depending 
upon  the  type  of  Ipsects  and  the  method  of  treatment. 

The  preparatl|)n  possesses  its  highest  insecticidal  properties 
In  the  vaporous  state. 

Ye.  V.  Shanyder  studied  the  insecticidal  properties  of  this 
preparation  with  respect  to  5  types  of  insect:  house  flies,  rat 
fleas,  body  lice,  bed  bugs  and  common  cockroaches. 

* 

As  a  result  it  was  established  that  house  flies  were  the  most 
sensitive  to  the  tested  preparation  (Table  9). 


Table  9.  Median  lethal  dose  of  dlmethyldlchlorovinylphosphate  and 
chlorophos  for  Insects  when  the  preparations  are  applied  in  the  form 
of  alcohol  solutions  on  the  back  of  the  thorax  of  each  Individual 


(according  to  Ye.  V.  S 

linayder). 

— 

LD^q  for  each 

LD^q  per  g  of  weight 

individual  (yg) 

_ 

of  the  insects  (yg) 

Type  of  insects 

ilmethyldl- 

dlmethyldl- 

ihlorovlnyl- 

chlorophos 

chlorovinyl- 

chlorophos 

Dhosohate 

Dhosohate 

House  flies . 

0.015 

0.4^ 

0.75 

20 

Body  lice . 

0.09 

3 

45 

1500 

Bed  bugs . 

0.022 

0.05 

5.13 

11, .65 

Common  cockroaches.... 

0.43 

4 

7.31 

68' 

Kerosene  considerably  Increases  the  toxicity  of  DDVP;  its 

optimum  insecticidal  properties  appear  at  a  ratio  of  1  part  of 

insecticide  to  10  parts  kerosene.  After  such  a  mixture  is  apolled 

2 

to  a  surface  at  a  rate  of  1  yg/cra  of  preparation  after  3  hours 
there  is  detected  in  the  air  0.53^  yg  and  in  the  absence  of 
kerosene  -  0.360  yg. 
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Comparing  the  toxicity  to  insects  of  the  tested  prepsuratlon 
and  chlorophos,  it  is  necessary  to  note  that  the  latter  la  considerably  • 
less  toxic.  Thus,  to  house  flies  the  toxicity  of  DDVP  exceeded 
by  almost  27  times  the  toxicity  of  chlorophos,  to  body  lice  •"  by 
33  times,  to  bed  bugs  —  by  2.3  times  and  to  common  cockroaches  *-  by 
9.3  times. 

The  tests  of  the  preparation,  conducted  on  house  flies,  body 
lice,  bed  bugs  and  common  cockroaches  by  the  method  of  applying 
alcohol  solutions  to  the  back  of  the  thorax  of  each  individual, 
shov;ed  that  after  a  .ye<ar*s  storage  the  toxicity  of  the  preparation 
decreased  by  approximately  2-2  1/2  times. 

On  neutral  surfaces  (glass)  100  rag/m  of  the  insecticide  per 
m  when  the  amount  of  substance  was  decreased  by  one  hald  (30  mg) 
high  lethal  indices  were  also  obtained  (85-1001)  after  3-5  minutes 
of  contact. 

The  toxic  effect  of  the  preparation  on  flies  appears  very 

rapidly.  Thus,  for  example,  after  5  minutes  of  contact  with 

surfaces  (glass)  tijeated  with  an  emulsion  at  a  rate  of  0.1  g  of 
2 

substance  per  m  paralyses  occur  in  1001  of  the  flies  after  10 
minutes,  after  contact  with  these  surfaces  for  1  minute  complete 
destruction  ensues  within  10-15  minutes. 

On  absorbent  surfaces  (wood,  wallpaper)  the  effectiveness 
of  the  preparation  jwas  somewhat  lower.  Moreover,  on  wood  treated 
with  an  emulsion  in  the  amount  0.1  and  1  g  of  substance  per 
the  mortality  rate  of  the  flies  after  5  minutes  of  contact  was 
respectively  8?  and  1001,  whereas  on  wallpaper  at  the  same  dosages 
unsatisfactory  results  were  obtained  —  38  and  591. 

With  respect  to  other  forms  of  insects  (in  particular,  fleas) 
the  insecticidal  action  of  the  preparation  was  crnslderably  weaker > 
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The  doses,  which  caused  the  complete  destruction  oi’  bugs, 
cockroaches  and  fleas  (after  30  minutes  of  contact)  were  20  times 
higher  than  the  doses,  which  completely  destroyed  files  after 
5  minutes  of  contact.  The  available  data  showed  that  DDVP  has 
a  greater  Insecticidal  action  on  house  files  than  on  other  Insects, 
however  it  can  also  be  used  as  an  Insecticide  with  respect  to 
mosquitoes,  fleas,  cockroaches  and  wasps.  For  controlling  cock¬ 
roaches  It  Is  one  of  the  best  preparations. 

Thus,  for  example,  according  to  Keller,  after  the  administration 
to  the  American  cockroach  of  insecticides  with  a  mlcrolnjector 
the  LDjq  after  24  hour^  was  In  mg/g:  for  DDVP  —  0.74  mg/g, 
parathion  —  1.29  mg/g,  Isollne  -  6.4  mg/g,  aldrln  —  6.6  mg/g, 
dleldrln  —  14.5  mg/g,  heptachlor  —  16. 5  mg/g,  endrln  —  42.5  mg/g, 
carbophos  —  40  mg/g,  thlodan  —  45.5  mg/g,  DDT  —  63  mg/g,  chlordane  — 
130  mg/g,  toxaphene  —  134  mg/g.  InasraJch  as  DDVP  possesses  not 
only  contact,  but  also  fumlgatlonal  properties.  It  Is  one  of  the 
best  Insecticides  Ir  controlling  fleas  In  dwellings. 

A  test  of  the  duration  of  the  residual  action  of  the  preparation 
applied  on  a  surface  showed  that  It  very  rapidly  loses  Its  insecticidal 
properties.  Thus,  2  hours  after  applying  the  emulsion  to  glass 
plate  at  a  rate  of  0.05  and  0.5  g  of  substance  per  m  05-lOO.'5 
of  the  flies  died,  when  this  same  surfaces  were  stored  under  room 
conditions  for  40  hours  the  effectiveness  oP  the  preparation 
decreased  by  50^  and  after  72  hours  the  mortality  rate  of  flies 
after  5  minutes  of  contact  was  14-205. 

To  reduce  the  rate  of  evaporation  of  vhe  preparation  and  to 
Increase  the  duration  of  Its  Insecticidal  effect  on  the  surfaces 
we  tested  mixtures  of  this  preparation  with  polychloropinene,  which 
Is  a  th.'.ck,  viscous  mass;  It  Is  manufactured  by  Industry  and  Is 
used  to  combat  fly  larvae,  and  It  possesses  a  weak  and  rapidly 
disappearing  effect  on  winged  house  flies.  As  a  result  It  was 
found  that  a  mixture  of  DDVP  and  polychloroplne  with  the  addition 
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of  the  emulsifier  [OP-10]-  (OIl-lO)  (1:1:1)  when  applied  on  glass 
and  surfaces  painted  with  an  oil  base  paint  at  a  rate  of  0.5  g 
of  the  tested  preparation  per  killed  $^~100%  of  the  flies  within 
7-10  days.  The  addition  of  0.2%  dleldrln  to  the  DDVP  solutions 
prolonged  the  residual  effect  up  to  30  days. 

According  to  L.  N.  Pogodina,  V.  D.  Larionova,  0.  M.  Glozman, 
an  application  of  the  preparation  in  bait  containing  lOJ-  sugar 
and  1^  of  the  preparation  in  water  is  effective  in  combating  flies 
for  a  period  of  hours.  To  ensure  a  permanently  low  level  of 
the  fly  population  the  authors  recommend  repeating  the  application 
of  the  bait  every  2-5  days. 

The  best  insecticide  in  dry  baits  for  house  flies  is  dlbrome 
(in  bait  0.25-0.5?).  The  basic  attracting  substance  in  the  bait 
can  be  sugar,  ground  grain  and  so  forth.  Co''  ing  the  bait  yellow, 
brown  or  pink  Improves,  and  coloring  it  .ack,  dark-blue,  orange 
or  red  decreases  the  attracting  properties  of  the  bait. 

The  DDVP  can  be  used  to  destroy  the  larvae  of  house  flies  in  the 
third  Instar.  The  action  of  the  preparation  was  determined  by 
the  method  of  submerging  the  larvae  in  working  emulsions  (0.01, 

0.03,  and  0.1?  concentration)  for  5,  10,  20,  and  30  minutes,  after 
which  the  larvae  were  placed  in  a  pure  substrate  (wheat  middlings 
moistened  by  water),  and  by  a  method  of  treating  the  substrate 
where  the  larvae  were  situated  for  hours. 

The  DDVP  has  a  comparatively  high  larvicldal  action,  however  its 
effectiveness  with  respect  to  the  larvae  of  flies  is  Inferior  to 
the  effectiveness  of  chlorophos,  which  provides  complete  destruction 
of  the  larvae  after  ^8  hours  when  it  Is  applied  to  the  substrate 
at  a  rate  of  10  mg  per  kg  (at  a  humidity  of  70S).  Furthermore,  there 
was  noted  its  delayed  toxic  action  on  fly  larvae. 

It  was  estimated  that  in  case  of  the  free  fall  of  drops  with 
a  size  of  100  p  at  30®  the  evaporation  of  the  active  substance 


equalled  1%  per  m  of  fall.  Drops  of  a  DDVP  solution  in  dloctyl 
phthalate  loat  their  active  ingredient  even  faster.  The  toxicity 
of  the  vapors  has  little  significance  as  compared  to  the  toxicity 
of  the  solutions. 

The  preparation  possesses  considerable  volatility;  Its  vapors 

are  Injurious  to  Insects.  Thus,  in  fly  vivariums  placed  in  glass 

Jars  the  interior  walls  of  which  are  covered  with  filter  paper 

treated  with  an  alcohol  solution  of  DDVP  at  a  rate  of  1  g  of 
2 

substance  per  m  ,  complete  destruction  of  the  flies  was  observed 
1  1/2  hour  from  the  beginning  of  the  exposure.  When  technical 
chlorophos  is  used  in  analogous  experiments  the  flies  died  within 
3-^  hours. 

In  experiments  with  fly  larvae  the  high  fumigatlonal  action 
of  DDVP  was  confirmed.  However,  in  the  rate  of  its  toxic  action 
on  larvae  this  preparation  did  not  differ  from  cholorphos  vapors. 

When  the  larvae  were  exposed  in  a  vapor  zone  of  the  tested  preparation 
for  30  minutes  the  complete  destruction  of  the  insects  ensued  after 
4o~60  minutes.  These  data  show  that  the  accumulation  of  the 
insecticide  vapors  in  a  closed  space  (desiccator)  up  to  a  toxic 
concentration  occurred  considerably  faster  when  the  pure  preparation 
was  used  than  when  the  emulsion  concentrate  was  utilized.  If 
in  the  first  case  the  effect  of  the  vapors  on  the  fly  larvae  for 
30  minutes  ensured  their  complete  destruction  after  40-60  minutes 
of  exposure,  with  the  use  of  the  emulsion  concentrate  (under  the 
given  conditions  of  the  experiment)  there  waS^  only  noted  the 
accelerated  pupating  of  the  larvae,  and  the  mortality  rate  was 

3r  j* 

Plune,  studying  the  analogs  and  horaologs  of  Bayer  L-13/59 
with  respect  to  insects  resistant  to  the  chlorinated  hydrocarbons, 
reported  that  DDVP  was  effective  against  the  larvae  of  fourth 
Instar  mosquitoes  in  water  at  a  concentration  of  0.05  parts  per 
million  (this  dose  of  the  preparation  is  20  times  less  than  the 
dose  of  chlorophos,  providing  complete  destruction  of  the  larvae). 


As  a  result  of  the  application  of  the  preparation  as  a  larvlclde 
In  combat Jnc  mosquito  larvae  by  treating  the  water  before  flooding 
rice  fields  good  results  were  obtained  when  the  preparation  was 
used  In  the  amount  of  0.05-0.1  part  per  million.  Its  residual 
action,  however,  did  not  exceed  one  week. 

The  peculiarities  of  DDVP  can  be  (but  not  scientifically) 
well  expressed  by  the  following  words:  when  DDVP  Is  applied  on 
the  floor  the  flies  die  on  the  ceiling.  Thus,  for  example.  It 
was  noted  that  In  stables  after  the  application  of  DDVP  to  the 
floor  at  a  rate  of  15  mg/m^  house  flies,  stable  flies  and  other 
(ilptera  died  within  2  1/2  hours,  whereas  common  cockroaches  and 
tobacco  pests  were  unaffected.  With  an  Increase  of  the  dose  to 
30  mg/m^  after  4-5  hours  50J5  of  the  cockroaches  died;  at  an 
expenditure  rate  of  60  mg/m^  of  preparation  not  only  files,  but 
also  cockroaches,  and  tobacco  pests  died  within  18  hours. 

At  30°  the  volatility  of  DDVP  is  such  that  about  2-9X  of[  the  total 
dose  was  determined  to  be  In  the  air  several  hours  afterl'  spraying. 
Thus,  for  example,  after  spraying  an  aqueous  suspenslor}  at  a  rate 
of  l8  mg/m^  8.4?  of  this  preparation  was  ascertained  to  be  in  the 
air  after  2  hours  (Tracy).  In  connection  with  the  volatility  of 
DDVP  when  treating  closed  premises  the  volume  of  the  letter  should 
be  taken  Into  consideration. 

When  DDVP  vapors  get  Into  the  spiracles  of  flying  Insects 
including  house  flies  and  mosquitoes,  their  effectiveness  Is  very 
high.  It  was  determined  that  the  for  Anopheles  quadrimaculatus 

j.aosqultoes  was  0.007-0.02  y  per  i  of  air;  under  analogous  conditions 
95-1002  of  the  flies  (femaJ.es)  die  in  the  presence  of  0.05  wg/4  and 
more  after  30  minutes  of  exposure.  According  to  L.  I.  Brlkman  and 
L.  M.  Pogodina,  when  DDVP  Is  sprayed  In  a  chamber  at  a  rate  of 
l6  mg/ A  the  flies  die  after  15  minutes.  The  greatest  effectiveness 
of  DDVP  is  observed  at  a  temperature  of  31-36°  and  58-902  relative 
humidity  (Matson  and  Sedlak). 

Inasmuch  the  concentration  of  DDVP  In  the  air  when  exterminating 
mosquitoes  and  flies  Is  low  as  compared  to  the  concentration  of  DDVP 
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causing  toxic  syir.ptoms  In  people,  the  Cornmltte  on  Insecticides  of 
the  Universal  Organization  of  Public  Health  agreed  with  the  fact 
that  it  is  possible  to  combat  mosquitoes  in  aircraft  by  vaporizing 
DDVP  with  special  equipment  in  the  presence  of  passengers.  The 
Committe  recommends  that  the  vapors  be  applied  in  the  cabin  of 
aljrcraft  during  flight  for  30  minutes. 

The  DDVP  vapors,  from  an  experimental  vaporizer,  passed  through 
the  ventilation  system  of  an  aircraft,  provide  effective  results. 
About  50r  of  the  house  flies  die  after  18  minutes  in  the  presence 
of  0.3  wg  per  l  of  air.  At  these  concentrations  the  presence  of 
the  preparation  is  not  sensed  by  the  passengers  in  the  aircraft . 

The  vapors  leave  rapidly  disappearing  deposits.  With  normal 
ventilation  the  preparation  incroduced  into  the  air  is  gradually 
removed. 

Analogous  methods  of  combating  flying  insects  can  be  used 
when  exterminating  them  in  living  quarters  and  other  premises.  In 
Africa  in  houses  with  a  volume  of  30  and  with  a  door  and  two 
windows  cylinders  (38  x  127  nua)  containing  kO  g  of  technical 
DDVP  and  120  g  of  inert  filler  are  hung  up.  With  the  door  of  the 
house  closed  and  in  the  presence  of  one  cylinder  the  destruction 
of  70?  of  the  mosquitoes  was  observed  for  a  period  of  12  weeks. 

With  the  door  open  ^  such  cylinders  were  required. 

In  England  the  Shell  firm  manufactures  resinous  cylinders 
impregnated  with  30!S  DDVP,  which  in  use  give  off  the  latter  in 
the  form  of  vaporc.  Si^ch  cylinders  are  called  "vapona" ;  the  weight 
of  the  cylinder  is  100  g.  The  cylinder  retains  its  effectiveness 
for  3  months. 

Such  cylinders,  when  placed  in  greenhouse  with  one  cylinder 
per  30  m-*,  after  15  hours  cause  the  death  of  the  Imaglnal  stages 
of  all  greenhouse  pests.  The  eggs  and  pupae  of  the  latter  remain 
viable.  When  the  insects  hatch  from  the  pupae  the  treatment  is 
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repeated.  During  the  time  the  greenhouse  is  being  treated  all 
the  people  working  in  it  leave.  It  has  been  established  that 
fumigating  for  nights  in  succession  at  a  rate  of  1  cylinder  per 
34  of  botanical  greenhouse  with  2000  different  plants 
does  not  have  a  phytotoxic  effect. 

The  DDVP  is  also  used  for  filling  aerosol  cylinders;  It  is  put 
in  the  cylinders  at  concentrations  of  from  0.^15  to  4?. 

The  aerosol  mixtures  are  used  in  dwellings,  restaurants, 
theaters,  food  plants,  industrial  enterprises  and  storehouses  in 
the  form  of  a  0.5?  solution  for  combatting  flies,  fruit  flies, 
cockroaches,  ants  and  others.  The  DDVP  Is  a  unique  preparation  (a 
seml-volatlle  organic  compound),  which  Imparts  to  objects  residual 
fumigatlonal  properties.  Therefore,  it  is  used  basically  In  a 
mixture  with  plastic  or  waxy  materials,  which  ensure  ltd  slow 
uniform  emonation.  When  DDVP  evaporates  in  this  manner  its 
concentration  within  the  premises  is  at  all  times  maintained  at 
a  level  ensuring  the  destruction  within  1-2  hours  of  all  flying 
mosquitoes  (at  the  same  time  this  concentration  in  toxicity  when 
Inhaled  by  people  is  100  times  lower  than  the  danger  limits). 

The  DDVP  is  used  to  heat  rubber,  which  is  used  as  a  fumigatlonal  device 
for  exterminating  flies  and  mosquitoes  in  restaurants  (manufactured 
by  the  Shell  firm). 

In  treating  restaurants,  apartments,  and  also  small  premises 
it  is  not  necessary  to  remove  the  people,  but  when  treating  large 
premises,  factories,  storehouses  it  is  recommended  that  the  people 
be  removed.  In  storehouses  and  premises  for  animals,  where  the 
air  is  in  a  motionless  state,  the  results  v;ere  also  good.  Its 
application  in  a  gaseous  state  outside  a  building  was  not  effective 
(Asperen) . 

The  DDVP  is  not  a  true  fumigant  like  hydrogen  cyanide  or  methyl 
bromide.  Its  molecule  is  relatively  large.  Probably  for  this 


165 


reason  DDVP  vapors  do  not  penetrate  well  into  objects.  Its  vapors 
do  not  penetrate  into  grain  stored  in  bulk,  or  Into  piles  of  bags 
with  spices,  beans,  etc.,  even  when  the  preparation  is  sprayed  at 
a  rate  of  280  ng/m^  with  an  exposure  of  ^48  hours.  Thus,  for 
example,  after  treating  coffee  beans  in  bags  with  the  indicated 
amount  of  DDVP  a  total  of  50-8652  of  the  insects  there  died. 

The  DDVP  is  readily  adsorbed  and  is  slowly  desorbed  by  surfaces 
(as  compared  to  gases).  Usually  with  a  singly  spraying  the 
effectiveness  will  be  retained  for  1-5  days  after  application. 

Porous  materials,  which  readily  absorb,  retain  the  insecticidal 
properties  for  3-^  weeks. 

It  can  be  used  in  combating  the  sheep  botfly. 

An  insecticidal  effect  of  DDVP  aerosols  outside  chambers  is 
observed  close  to  the  aerosol  generator. 

The  DDVP  is  a  direct  inhibitor  of  cholinesterase;  a  survey  of 
the  extensive  research  on  this  question  showed  that  it  does  not 
possess  another  mechanism  of  action  and  does  not  cause  side 
effects . 

The  mechanism  of  DDVP  action  in  insects  and  higher  animals 
basically  reduces  to  the  fact  that  this  preparation  blocks 
cholinesterase;  as  a  result  of  its  effect  on  this  enzyme  an  inert 
compound  is  formed  —  dlmethylphosphoryl  enzyme.  Pure  DDVP  is  a 
stronger  anticholinesterase  substance  than  chlorophos. 

The  toxicity  of  DDVP  to  vertebrate  animals.  It  has  been 
established  that  insecticidal  doses  of  DDVP  both  under  laboratory 
and  also  under  practical  conditions  do  not  cause  toxic  symptoms 
in  people  or  animals. 

The  DDVP  to  rats  when  orally  administered  is  10  times  more  toxic 
than  chlorophos;  the  LD^p  for  male  rats  is  62-10*1  mg  per  kg, 
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whereas  after  the  admlnis^jrat  ion  of  chlorophos  It  Is  63O  mg/kg. 

V/hen  the  preparation  Is  applied  on  the  skin  in  the  form  of  a  solution 
in  xylene  the  LD^q  was  equal  to  75  mg/kg  for  female  rats,  for 
males  It  v/as  107  mg/kg. 

The  investigations  of  Durhhnan  and  Hayes  also  show  a  median 
toxicity  of  the  preparation  to  warm-blooded  animals.  Its  LD50 
for  chicks  administered  subcutaneously  In  an  oil  solution  was  equal 
to  20  mg/kg  and  when  orally  administered  in  doses  of  IO-I6O  mg/kg 
the  birds  died  after  a  day  and  paralytic  symptoms  were  not  observed 
in  them.  According  to  Durham,  the  LD^q  of  DDVP  for  female  rats 
was  equal  to  6O-8O  mg/kg,  whereas,  according  to  other  data,  when 
intrabdomlnally  administered  the  LD^q  was  6  mg/kg.  Treece 
established  that  the  LD^q,  when  the  preparation  was  Introduced 
Into  the  Intact  conjunctional  sacs  of  rats  was  equal  to  10  mg/kg. 

Female  rats  with  offspring  were  administered  various  doses 
of  DDVP  with  a  stomach  probe.  Doses  of  10  and  20  mg/kg  caused 
suppression  of  the  cholinesterase  of  the  erythrocytes  (about  50?) 
without  any  clinical  symptoms  of  poisoning.  However,  30  mg/kg 
cause  cholinergic  shocks  with  subsequent  recovery  from  It  after 
1-2  hours  i  in  female  rats  receiving  ^10  mg/kg  the  shock  was  very 
severe,  nonetheless  in  the  experiment  one  animal  survived  23 
consecutive  doses  before  its  death. 

On  the  other  hand,  the  offspring  of  these  animals  did  not 
manifest  cholinesterase  suppression  in  the  erythrocytes  or  plasma, 
although  they  were  fed  the  milk  of  their  mothers  during  the  whole 
period  of  the  experiment  (I8-38  days).-  The  average  weight  of  the 
individual  baby  rats  and  the  rate  of  their  growth  did  not  differ 
from  the  same  indices  in  the  control  animals,  where  the  offspring 
were  fed  the  milk  of  mothers  not  subjected  to  the  effect  of  DDVP. 

After  the  oral  administration  of  1  mg/kg  of  DDVP  to  two  dairy 
cows  there  was  observed  mild  suppression  of  the  cholinesterase 
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In  the  erythrocytes,  and  when  the  dose  was  Increased  to  4.5  mg/kg 
there  was  noted  considerable  suppression  of  cholinesterase.  With 
a  subsequent  Increase  of  the  preparation  to  18  mg/kg  considerable 
I  changes  In  the  suppression  were  not  noted.  After  the  administration 
of  27  mg/kg  of  the  preparation  the  cows  manifested  cholinergic 
shock,  which  lasted  for  5  hours.  V/hen  capsules  with  1.8-27  mg/kg 
of  DDVP  were  administered  to  cows  2  times  per  day  for  30-60  days 
the  death  of  the  animals  also  was  not  observed,  but  with  the 
administration  of  ^0  mg/kg  the  animals  died.  V/hen  lethal  dosages 
were  adnlnlstered  to  cows  and  sheep  excessive  salivation,  labored 
breath! ig  and  rigidity  of  the  legs  are  observed.  In  poisoned 
horses  the  predominant  symptoms  were  pain  in  the  stomach  and  general 
muscular  v/eakness.  It  was  noted  that  when  the  DDVP  was  administered 
with  thp  feed  the  suppression  of  cholinesterase  was  less  expressed 
than  whpn  it  was  introduced  with  the  help  of  a  probe.  Thus,  for 
example,  with  Introduction  through  a  prohe  symptoms  of  poisoning 
were  observed  from  doses  of  25  and  50  mg  per  kg  whereas  with  the 
administration  of  these  same  doses  with  the  feed  toxic  symptoms 
were  not  noted.  Possibly,  this  depends  on  the  action  binding  the 
feed  to  the  preparation  which  causes  its  slower  absorption  Into 
the  organism  from  the  stomach. 

It  is  established  that  when  orally  Introduced  DDVP  partially 
accumulates  In  the  animal  organism.  In  connection  with  which  the 
LD^q  increases  by  approximately  1/3-  The  toxicity  of  the  vapors 
to  animals  Is  of  little  Importance  as  compared  to  the  toxicity  of 
solutions. 

In  5  horses  subjected  In  a  closed  stable  to  the  constant  effect 
of  l8  mg/m^  of  DDVP  vapors  for  22  days  mild  suppression  of  erythro¬ 
cytic  cholinesterase  was  noted j  after  7  days  of  staying  In  such  an 
atmosphere  the  activity  of  cholinesterase  was  restored  between  the 
11th  an(Ji  22nd  days;  the  activity  of  plasma  cholinesterase  for  the 
whole  period  of  the  experiment  was  normal.  The  toxicity  of  the 


preparation  is  almost  Identical  both  when  applied  to  the  skin  and 
also  when  orally  introduced.  The  appearance  of  symptoms  of 
poisoninc  and  their  procressive  development  up  until  death  proceecU 
rapidly  in  animals  recelvlnE  a  lethal  dose;  the  animals  survlvlnc 
after  taking  DDVP  recover  very  rapidly.  A  large  difference  'was 
noted  between  the  doses  suppressing  cholinesterase,  and  the  dose 
caus^-ng  illness.  Thus,  a  concentration  of  DDVP  at  a  rate  of  50 
mg/kg  causes  a  definite  decrease  in  the  activity  of  plasma  and 
erythrocytic  cholinesterase  in  rats;  however,  these  animals  endure 
1000  mg/kg  in  feed  for  90  days  without  symptoms  of  intoxication. 

The  LD^q  for  rats,  when  orally  administered  is  56  mg/kg. 

The  data  presented  with  respect  to  the  toxicity  of  DDVP  to 
cows  and  rats  show  that  DDVP  Itself  does  not  penetrate  into  the 
milk  of  lactatlng  animals  even  when  the  administered  dose  of 
the  preparation  exceeds  the  LD^q  by  2-3  times.  This  attests  to  the 
fact  that  DDVP  is  rapidly  detoxicated  in  rajtimais  subjected  repeatedly 
to  oral  administrations  of  sublethal  doses. 

The  DDVP  in  the  animal  organism  decomposes  into  0,0-dlmethyl- 
phosphate  and  O-nethyl-P-dichlorovinylphosphate,  containing 
phosphorus,  they  are  only  slightly  toxic  and  are  rapidly  eliminated 
or  are  subjected  to  further  disintegration.  V/ith  the  urine  there 
Is  excreted  from  ^0  to  89/5  of  the  DDVP  (from  the  administered 
dose)  and  with  the  feces  —  from  11  to  53!?.  The  deposits  in  various 
tissues  are  0.46-0.39  part  per  billion  with  the  introduction  of 
1  mg/kg  and  21.1-7.3  parts  per  billion  with  the  introduction  of 
20  mg/kg. 

During  a  study  of  the  organs  of  rats,  which  died  from  multiple 
oral  doses  of  DDVP  and  with  the  landing  of  house  flies  on  these 
organs,  under  the  conditions  of  the  biological  experiment.  It 
turned  out  tliat  the  parenchymatous  organs,  with  the  exception  of 
the  stoniaclj,  were  not  toxic  to  the  flies.  The  brains  of  rats, 
which  had  died  12-16  hours  after  the  administration  of  DDVP,  were 
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also  toxic  to  the  flies,  the  jieath  of  the  animals  occurred  20 
hours  after  the  introduction  of  the  preparation,  then  the  brain 
also  lost  its  toxicity. 

Blolocical  experiments  on  house  flies  have  shown  that  DDVP 
mixed  with  the  pulverized  livers  of  rats  (500  pg/s)  after  13-20 
hours  of  Incubation  at  37®  was  Inactivated.  This  quantitative 
detoxification  was  also  identical  for  the  livers  of  pigs,  cattle, 
cats  and  chicks. 

i 

No  other  tissue  of  rats,  cats  and  chicks  approached  the  rate 
of  detoxification  of  the  liver. 

These  data  clearly  s  iow  that  the  liver  is  an  important  center 
of  DDVP  detoxification  in  the  organisms  of  mammals.  Furthermore, 
on  the  basis  of  the  data  presented  it  is  possible  to  draw  the 
conclusion  that  DDVP  does  not  accumulate  in  animal  tissues  and 
does  not  form  toxic  metabolites. 

On  the  basis  of  the  data  obtained  it  is  possible  to  draw  the 
conclusions  that  the  danger  of  DDVP  poisoning  is  connected  with 
the  amount  of  dose  taken,  and  not  with  the  cumulation  of  the 
preparation  in  the  body  tissues  after  repeated  exposures  or  with 
the  metabolic  changes  of  the  DDVP  molecule  in  the  animal  organism. 

When  a  0.5S  solution  of  DDVP  is  used  a  concentration  of  0.5 
mt/l  of  the  insecticide  Is  created  in  thev^air  during  the  time  of 
treatment.  Such  a  concentration  does  not  present  a  danger  to 
people.  Even  in  the  case  when  the  concentration  is  Increased  by 
5  times  as  compared  to  the  normal  a  dangerous  situation  is  not 
created,  because  the  amount  of  preparation  in  the  air  Immediately 
after  the  treatment  will  be  only  3*6  ing/z,  after  2  hours  this 
concentra. ion  decreases  to  1.5  mg/i,  and  after  a  long  interval 
of  time  -  to  0.^13-0.47  mg/l. 
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The  DDVP  can  be  recommended  for  disinfesting  aircraft  at  a 
concentration  of  0.05-0.25  y/l  with  an  exposure  of  30  minutes. 

It  has  been  established  that  DDVP  concentrations  of  0.9-3. 5  pg/4 

caused  mild  suppression  of  the  activity  of  cholinesterase  in  the 
plasma  both  in  people,  and  also  in  monkeys.  At  a  DDVP  concentration 
of  7.0-17.9  vg/l  of  air  there  was  noted  In  monkeys  a  marked  suppression 
of  the  activity  of  cholinesterase  In  the  erythrocytes  and  plasma, 
and  also  myosisi  other  symptoms  of  poisoning  were  not  noted. 

Accordinc  to  Hays,  man  can  endure  concentrations  of  6.9  wg/t  dally 
in  short  exposures  and  dally  with  8  hours  of  exposure  In  the 
presence  of  0.5  Pg/t  of  air  v/lthout  any  symptoms  of  poisoning,  v/lth 
slight  suppression  of  blood  'cholinesterase  or  even  in  a  number  of 
cases  without  noticeable  suppression  of  its  activity.  In  apes, 
subjected  to  the  effect  of  DDVP  vapors  for  2^!  hours  in  storehouses 
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treated  at  a  rate  of  20  mc/m-'  no  expressed  decrease  In  cholinesterase 
activity  was  noted. 

After  people  had  stayed  39  times  for  30  minute  periods  over 
a  period  of  1^  days  in  quarters  the  air  of  which  contained  DDVP 
at  a  concentration  of  li< 0-330  rag/m^  no  measurable  changes  of 
cholinesterase  in  the  plasma  or  erythrocytes  were  recorded. 

According  to  the  same  author,  doses  of  DDVF  in  the  air 
quarters  within  the  limits  of  56  mg/m^  did  not  affe^’t  the  activity 
of  cholinesterase  in  the  erythrocytes  and  plasma  of  humans.  V.'ith 
an  increase  of  the  dose  to  112  mg/m3  an  Insignificant  lowering 
of  cholinesterase  activity  was  noted.  Also  there  were  no  changes 
in  the  level  of  erythrocytic  cholinesterase  in  the  plasma  of  I8 
persons  from  6  families  subjected  to  the  prolonged  effect  of 
vapors  with  15  mg/m^  of  DDVP  used  for  insecticidal  purposes  in 
their  dwellings.  The  periods  of  dally  exposure  fluctuated  from 
3  to  18  hours  and  varied  in  duration  from  4  days  to  2  weeks  during 
the  period  of  the  4-month  test.  To  analyze  the  cholinesterase 
periodically  blood  was  taken  from  each  person  2  times  before  the 
exposure  to  DDVP  and  3-5  times  during  exposure. 


171 


In  not  one  case  was  there  notcu  any  significant  suppression 
of  cholinesterase  either  in  the  erythrocytes  or  In  plasma  of  the 
people  in  spite  of  the  fact  that  the  analyses  of  the  cholinesterase 
in  the  urawn  specimens  were  conducted  in  3  different  laboratories, 

•3 

And  only  after  increasing  the  concentration  of  DDVP  to  3!30  mg/r.  dl'l 
the  effectiveness  of  cholinesterase  begin  to  drop,  although  no 
toxic  syiiptoms  developed  in  the  volunteers. 

Dla^ilnon 


Diazlnon  —  C,  iI.,0^PP  —  0-0-niethyl-0-(2-lsonropvl-A-meth.vl- 

■  Ld  d  ^  d  j 

C-pyrinidlnyl)thlophosnhote. 


(CH^CH 


Synonyiis :  0,0-diiiiethyl-(2-isopropyl-6-methyl-4-pyrinldylnhosnhoro- 
thionate) )  0,0-dlethyl-0-il-methyl-3-isopropylpyrlmid-6-pho£phatc 
and  others.  Its  laolecular  weight  is  303,337. 

Technical  diazlnon  ce  'ins  about  95%  active  substance;  it 

is  a  dark-brown  liquid  v.itii  a  mild  ester- like  odor.  T’le  pure 

substance  -  colorless  liquid  with  alnc^-t  no  odor.  The  boiling 

point  is  03-3^'®  at  0.002  mm  Ilg.  The  vapor  pressure  at  20,  ^10, 

-4-3 

and  bO®  is  equal  I'espectively  to  1.5  x  10  ;  1.1  x  10  and 

3.3  X  10“^  r.im  lig. 

The  vapor  pressure  of  diazlnon  is  5  times  greater  than  that 
of  thlophos.  For  the  pure  preparation  the  index  of  refraction  is 
equal  to  1.4973-1.4981.  The  specific  gravity  is  I.II6-I.II8  at 
20®,  for  technical  diazlnon  the  index  of  refraction  is  equal  to 
1.4975--1  •  4935,  the  specific  gravity  is  1.11-1.12. 


si  - 
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Dlazlnon  is  practlcail:'  Insoluble  In  water  (0.004jJ)j  It  is 
readily  soluble  In  the  majority  of  organic  solvents  and  petroleum 
products i  it  readily  mixes  with  alcohol  und  many  other  organic 
solvents.  In  an  alkaline  medium  this  substance  Is  more  stable  than 
in  acid.  It  is  decomposed  by  lime,  strong  bases  and  acids. 

The  Insecticidal  properties  of  dlazlnon.  Reports  In  literature 
about  tests  of  the  insecticidal  properties  of  dlazlnon  began  to 
appear  in  1951.  As  a  result  of  the  Investigations  it  was  established 
that  dlazlnon  possesses  high  insecticidal  properties  with  respect 
to  a  number  of  erthropods.  However  the  greatest  number  of  works 
was  conducted  on  house  flies. 

Dlazlnon  has  received  broad  propagation  in  combating  flies. 

It  possesses  strong  insecticidal  properties.  Basically  It  is  a 
preparation  of  contact  action,  also  possessing  fumlgatlonal 
properties.  An  investigation  of  the  Insecticidal  action  of  dlazlnon 
with  respect  to  house  flies,  individually  treating  them  with  an 
acetone  solution  of  the  preparation  on  the  anterior  back  showed 
its  considerable  superiority  as  compared  to  the  chlorinated  hydro¬ 
carbons  (Ye.  V.  Shnayder). 

According  to  March,  the  toxicity  of  dlazlnon  to  house  flies 
of  a  natural  population  is  equal  to  0.06  vg  per  Insect,  whereas 
the  chlorinated  hydrocarbons  were  effective  in  the  amounts: 
incthoxychlor  -  2.33  ug,  heptachlor  and  chlordane  -  2.9  ug.  When 
(liazlnon  is  used  not  only  the  house  flies  die,  but  also  stable 
flies,  mosquitoes  and  their  larvae.  According  to  Ye.  V.  Shnayder, 
toxic  doses  causing  the  complete  extermination  of  insects  with  the 
local  application  of  the  Insecticide  on  each  individual  are  as 
follows:  for  house  flies  —  0.35  WG»  body  lice  —  0.05  wg, 
for  oed  bugs  0.15  ug. 

Under  practical  conditions  dlazlnon  like  other  organophosphorus 
insecticides  began  to  be  applied  mainly  to  combat  flies,  particularly 
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where,  when  the  chlorinated  hydrocarbons  v/ere  used,  there  was 
not  observed  any  decrease  In  the  number  of  flies  '^n  connection 
with  the  appearance  in  them  of  a  specific  resistance  to  these 
preparations. 

Diazinon  —  one  of  the  most  effective  insecticides;  when  a 
1/4  concentration  was  used  to  combat  flies,  applied  at  a  rate  of 
2 

0.4-0. 5  E  per  m  ,  good  results  were  ensured  for  the  whole  season 
on  dairy  farms;  when  combined  with  methoxychlor  diazinon  ensured 
the  extermination  of  flies  for  a  month  in  the  "peak"  season. 

In  horse  stables  its  effectiveness  was  retained  for  3-4  weeks. 

In  the  Soviet  Union  in  1955  tests  were  carried  out  by  Ye.  V. 
Shnayder,  V.  A.  Nabokov,  M.  A.  Laryukhin  and  others  on  combating 
house  flies  which  v/ere  resistant  to  DDT.  According  to  their 
data,  when  an  aqueous  emulsion  of  diazinon  was  used  to  treat  walls 

O 

at  a  rate  of  1-2  g  of  active  substance/m  effective  results  were 
attained,  the  insecticidal  properties  were  retained  on  the  surfaces 
for  30-45  days.  Diazinon,  when  applied  to  surfaces  at  a  rate  of 
0.1  g  per  m  ,  continued  to  remain  effective  with  respect  to  house 
flies  for  a  week. 

Its  insecticidal  effect  with  respect  to  normal  strains  of 
insects  which  were  resistant  to  DDT  was  not  uniform.  Insects, 
which  were  resistant  to  DDT  (house  flies,  cockroaches),  also 
manifested  a  somewhat  Increased  resistance  to  diazinon. 

✓ 

In  combating  house  flies  diazinon  has  obtained  broad  recognitl 
as  an  Insecticide  in  food  baits. 

Ye.  V.  Shnayder  showed  that  diazinon  in  baits  containing 
0.008?  of  the  insecticide,  exterminated  88?  of  the  flies  within 
24  hours;  complete  extermination  of  the  flies  was  observed  when 
its  concentration  was  O.O63?.  Under  practical  conditions  when  the 
preparation  was  used  to  destroy  DDT-reslstant  flies  by  applying 


liquid  baits  containing  lOf'  sugar  and  0.1-0.5J!  dlazinon  there  was 
observed  on  the  surfaces  a  decrease  In  the  number  of  Insects  by 
995s  within  24  hours;  during  3  subsequent  weeks  the  mortality  rate 
of  the  flies  was  on  the  average  96^.  However,  in  places,  where 
there  was  great  production  of  flies,  frequent  treatments  were 
necessary.  Other  authors  have  also  arrived  at  analogous  conclusions. 
Sweetened  baits  containing  from  0.2  to  2%  dlazinon  are  used  for 
combating  flies  on  rubbish  piles  by  spraying  the  latter  every 
3-4  days,  however  the  best  results  are  obtained  with  daily  treatment. 
Also  being  used  are  baits  in  the  form  of  granulated  sugar  containing 
1%  dlazinon  for  controlling  flies  on  dung  heaps;  a  sharp  decrease 
was  noted  here  in  the  number  of  li.sects  even  after  only  10  minutes. 
However,  after  the  fifth  application  of  the  baits  stable  results 
are  observed  (the  extermination  of  Sl%  of  the  flies).  For  combating 
house  flies  in  places  containing  animals  most  effective  are  dry 
baits  with  dlazinon,  which  are  scattered  on  the  floor.  With  the 
simultaneous  application  of  dlazinon  in  baits  and  as  a  contact 
Insr  ctlclde  more  house  flies  die  than  with  only  the  application 
of  the  baits. 

In  controlling  house  flies  on  premises  used  for  public  dining 
(kitchens,  dining  rooms),  and  also  in  animal  quartering  areas 
dlazinon  is  applied  by  hanging  up  "antenna”  cords  treated  with  it. 

The  cords  (0.23  cm  in  diameter)  are  impregnated  with  a  25%  solution 
of  dlazinon  in  xylene  at  a  rate  of  450-1800  mg  of  preparation 

p 

per  linear  meter,  and  then  hung  up  $t  a  rate  of  3  m  per  10  m  of 
floor,  the  cords  preserve  their  effectiveness  for  2  weeks.  Cotton 
strips  treated  with  105?  sugar  bait  containing  from  5  to  255? 
diazinone  are  also  hung  up;  they  have  the  same  degree  of  effectiveness 
as  the  cords  which  are  moistened  daily. 

According  to  liansens,  the  application  of  dlazinon  to  a  surface 
in  tlie  form  of  a  15?  emulsion  exterminates  flies  in  cow  barns  for 
5-12  weeks,  whereas  a  0.55?  emulsion  retains  its  action  for  7  weeks. 
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With  respect  to  DDT-reslstant  flies  diazinon  preparations 
(powder,  suspension)  applied  on  surfaces,  preserve  their  insecticidal 
action  for  30-^0  days.  The  effectiveness  of  diazinon  and  the 
duration  of  the  preservation  of  its  residual  action  depend  on  the 
physical  properties  of  the  surfaces i  diazinon  retains  its  insecticidal 
properties  loncer  on  porous  surfaces  (wallpaper,  wood,  paint), 
but  it  rapidly  loses  its  effectiveness  on  nonporous  surfaces  ([ilass, 
stainless  steel). 

The  duration  of  the  preservation  of  the  residual  action  also 

depends  on  the  forn  of  application  of  the  preparation.  Accorcllnc 

2 

to  some  authors  1  c/r.\  of  diazinon  when  used  in  the  form  of  a 

v/ettable  p'Owder  ensures  complete  destruction  of  the  flies  for  1^ 

days.  Towara  the  21st  day  the  effectiveness  decreases  and  provides 

the  destruction  of  only  of  the  Insects.  Emulsion  at  a 

2 

dose  rate  of  0.5  toward  the  21st  day  becomes  completely 

ineffective. 

Accordlnc  to  other  authors,  the  acute  action  of  diazinon 
when  used  in  the  form  of  a  wettable  powder  and  emulsion  essentially 
does  not  differ  In  the  degree  of  effectiveness i  the  residual  action 
of  the  emulsion  is  considerably  better;  on  the  average  diazinon 
provides  protection  from  flics  for  30-60  days  (Garcial,  Granett). 

Diazinon  vapors  possess  a  very  strong  insecticidal  action. 

For  example,  if  vivariums  with  house  flies  are  placed  for  30 
minutes  in  a  chainber,  then  5  hours  after  its  treatment  with  a 
11'  v/ettable  powder  of  diazinon  their  complete  extermination  is  noted, 
after  6  days  96%  of  the  flies  die,  and  after  21  days  only  9.51. 

Diazinon  possesses  larvicldal  and  ovlcidal  properties.  V/hen 
eggs  are  placed  on  a  substrate  treated  with  a  23%  wettable  powder 
at  a  rate  of  5  mg  of  Jlazlnon  per  kg  of  substrate,  the  larvae 
did  not  hatch.  When  acting  on  third  instar  larvae  of  house  flies 
an  effective  dose  of  the  preparation  is  equal  to  30  mg  per  kg  of 
substrate,  moreover  all  the  pupating  larvae  do  not  develop  to  the 
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Imacinal  phase.  At  the  s^arve  time  when  DDT  Is  used  In  the  same 
quantities  only  2%  of  the  larvae  die  and  91%  of  the  adult  flies 
emerge. 

The  larvlcldal  effectiveness  of  dlazlnon  depends  on  the  form 
of  application  of  the  preparation,  the  most  effective  are  oil 
solutions,  complete  destruction  of  larvae  In  laboratory  experiments 
came  after  the  addition  to  1  kg  of  substrate  of  25%  emulsion  —  3*9 
mg  and  25%  wettable  powder  —  7*81  mg  of  preparation,  whereas 
hexachlorane  containing  35/»  gamma-isomer  was  effective  only  at  an 
amount  of  125  mg/ kg. 

For  delarvatlng  manure  dlazlnon  emulsions  are  also  more 

effective  than  powders  and  suspensions.  After  spraying  100-200 
2 

ra£/m  of  dlazlnon  emulsion , from  a  sprayer  (0.5-1  g  of  active 
2 

substance  per  m  more)  99-100?  of  the  house  files  In  chicken 

2 

excrement  died,  when  the  dose  was  lowered  to  0.25  g/m  the  mortality 

2 

rate  was  60%.  V/hen  1  g/m  of  preparation  was  used  the  fly  larvae 
were  observed  to  have  reinvaded  after  5-6  days. 

The  presence  of  ovlcldal  and  larvlcldal  properties  of  dlazlnon 
was  also  established  with  respect  to  body  lice,  mosquitoes,  flesh 
flics  and  others. 

2 

V/lth  respect  to  mosquitoes  when  21.5  mg/m  of  dlazlnon  are 

applied  on  a  surface  51?  of  the  insects  were  exterminated.  In 

combating  Anopheles  mosquitoes  mixtures  are  used,  consisting  of 

2 

DDT  paste  and  dlazlnon  at  a  rate  of  0.17  g  of  dlazlnon  per  m  j 
tne  residual  action  on  surfaces  Is  retained  for  ^0  days.  Dlazlnon 
is  also  effective  In  combating  bugs  and  co';kroaches . 

Uhen  Individual  treating  cockroach  females  the  LD^q  of  dlazlnon 
is  0.33  ug,  of  chlordane  —  2.3  wg,  of  dieldrin  —  0.5  u.g  and  of 
DDT  -  13-5  Pg.  Dlazlnon  is  a  completely  effective  preparation 
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for  coiiibatinc  not  only  cockroach  populations  which  are  sensitive 
to  the  chlorinated  hydrocarbons  but  also  those  which  are  resistant 
to  chlorinated  hydrocarbons. 

In  conbatlnc  oriental  cockroaches  diazlnon  can  be  used  in  the 
fori,;  of  an  oil  solution  of  the  preparation  for  treaclnfi;  their 
infestation  sites.  Atkins  reports  on  the  considerable  sensitivity 
of  bees  to  dlazinon.  The  latter  is  highly  toxic  to  Gadflies  and 
horseflies.  It  can  also  be  used  in  coibatinG  orchard  and  Garden 
pests . 

For  IncreaslnG  diazlnon  effectiveness,  especially  in  combatlnp 
resistant  insects,  methods  have  been  developed  for  increasing 
its  insecticidal  capacity  and  its  preservation  on  surfaces  by  the 
addition  of  synergists  (plperonyl  butoxide,  sulfoxide,  butoxy- 
polyi-ropylene-glycol  and  others).  However,  all  these  synergists 
have  not  found  v;ide  application,  because  they  are  expensive. 
Furthermore ,  mixtures  containing  diazlnon  and  aldrin  or  carbophos 
can  be  used. 

Resistance  builds  up  to  diazlnon,  just  as  to  the  other 
phosphorous  preparations  (ronnel,  carbophos,  dimethoate  and  others) 
after  prolonged  application.  V/hen  dlazinon  is  applied  to  the  soil 
it  is  sucked  in  by  the  plants  through  the  roots,  spreads  rapidly 
in  them  along  with  the  Juices  and  causes -the  death  of  pests 
eating  the  leaves  or  fruits. 

To  an  equal  extent  the  systemic  action  of  diazlnon  manifests 
Itself  with  respect  to  arthropod  ectoparasites  of  animals.  Getting 
into  the  organism  of  warm-blooded  animals  through  the  intestines 
or  Integuments,  preparation  is  distributed  in  it  with  the  blood 
and  causes  the  death  of  bloodsucking  ectoparasites.  According  to 
McGregor,  a  subcutaneous  administration  to  guinea  pigs  of  up  to 
5  m/kg  of  diazlnon  dissolved  in  peanut  oil  provides  the  complete 
destruction  of  larvae  for  2  weeks. 
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With  the  oral  introduction  of  10  and  25  mg/kg  of  dlazlnon 
emulsion  there  was  also  observed  the  complete  destruction  of  the 
larvae  of  this  parasite  for  a  week. 

Diazinon,  when  sprayed  on  mowed  grass  at  a  rate  of  10  and  100 
parts  per  million,  disappears  rapidly  when  it  is  stored  as  ensilage 
as  a  result  of  fermentation i  after  22  days  of  fermentation  only 
32  of  the  preparation  remains.  With  the  preparation  present  at 
such  an  amount  in  the  feed  of  animals  it  was  not  detected  in  the 
fat  of  the  latter. 

The  toxicity  of  diazinon  to  vertebrates.  Diazinon  was  synthesized 
In  the  period,  when  the  main  attention  of  researchers  was  [focused 
on  obtaining  organophosphorus  compounds  possessing  along  with  high 
insecticidal  activity  a  minimum  of  toxicity  to  warm-blocided  animals. 

Nevertheless,  it  is  not  nontoxic  to  animals  and  man.  When  the 

t 

preparation  is  to  animals  in  gum  Arabic  with  a  stomach (tube  tne 
LD^q  Is  for  mice  96  rai/kg,  for  rats  100  mi/kg,  for  guinea  pigs 
2t0  inA/kg,  for  rabbits  130  mt/kg,  for  hens  10-50  mt/kg,-  and  for 
pigs  100  riU/kg.  A  certain  dependence  is  observed  between  the  form 
of  application  of  diazinon  and  the  degree  of  its  toxicity;  when 
emulsifying  solutions  were  used  the  LDcn  was  equal  for  mice  to 
70  min-’ /mg,  for  rats  to  220  nmvkg,  when  disinfecting  powders  were 
used  -  122.5  mg/kg  and  712.5  mg/kg  respectively  (Oflfl,  Apte). 

It  is  not  more  poisonous  to  warm-blooded  animals  than  DDT, 
tne  of  which  is  approximately  200-300  mg/kg.  Diazinon  is 

10  times  less  toxic  with  respect  to  animals  than  thiophos,  being 
at  the  same  time  equal  in  most  cases  in  degree  of  toxicity  to  this 
latter  with  respect  to  Insects,  mites  and  ticks. 

Certain  data  also  exist  about  the  toxicity  of  diazinon  to 
man,  when  orally  administered  a  toxic  dose  is  50  mg/kg  (20-30  g). 
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The  daily  (for  ^2  days)  feeding  of  6.5  mg/kg  of  25J?  wettable 
powder  of  dlaainon  to  dogs  does  not  produce  strong  intoxication, 
but  causes  inhibition  of  cholinesterase  formation.  When  10,  100 
and  1000  mg  per  kg  of  feed  were  employed  they  did  not  cause  in 
rats  symptoms  of  intoxication  during  a  period  of  72  weeks.  The 
data  of  the  experiment  attest  to  the  fact  that  dlazlnon  does  not 
accumulate  in  the  organism. 

Dlazlnon,  v/hen  administered  to  a  cow  in  a  dose  of  20  ng/kg, 
decomposes  rapidly  and  is  excreted  with  the  urine.  In  the  blood 
and  milk  there  is  detected  only  an  insignificant  amount  of  the 
unchanged  preparation.  After  animals  are  sprayed  only  insignificant 
amounts  of  dlazlnon  are  detected  in  their  fat  for  12-1^  days. 

The  comparatively  low  toxicity  of  dlazlnon  to  warm-blooded 
animals  and  also  the  absence  of  cumulative  properties  make  it 
possible  to  apply  xt  to  combat  the  ectoparasites  of  domestic  animals 
by  spraying  the  animals,  or  by  oral  or  subcutaneous  introduction 
(Rodriguer,  Grefor).  Thus,  dlazlnon  is  a  very  valuable  insecticide 
and  acaricide  due  to  its  high  toxic  properties  with  respect  to 
arthropods  and  its  comparatively  low  toxicity  to  warm-blooded 
animals . 


Dicaptone 


Dlcaptone  —  Cgli^O^PSNCl  —  0,0-diniethyl-0-(2-chloro-4-nltrophenyl)- 
thlophosphate. 


✓ 


It  is  a  white,  solid,  crystalline  substance,  unstable  when 
heated  (at  temperatures  above  100®).  Its  melting  point  is  51®.  It 
dissolves  poorly  in  water,  it  is  slightly  soluble  at  rorm  temperature 
in  methanol,  ethanole,  hexane  and  others.  It  is  soluble  (up  to 
252)  in  xylene,  cyclohexane,  toluene  and  others.  It  is  very  soluble 
in  acetone. 
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The  Irsectlcldal  properties  of  dlcaptone.  Dlcaptone  is  used 
to  combat  mosquitoes,  flies,  fleas,  cockroaches,  and  ectoparasites 
of  birds  and  animals.  The  preparation  possesses  a  number  of 
deficiencies:  It  has  an  unpleasant  odor,  colors  certain  surfaces 
a  yellow  color.  Dlcaptone  Is  used  to  exterminate  files  in  the  form 
of  a  0.5'‘l-25:  emulsion  with  the  addition  of  attractant  substances 
(liquid  bait).  In  treating  chicken  coops  with  dlcaptone  emulsion 
at  a  rate  of  10-15  g/m^  the  extermination  of  93-95J5  of  the  Insects 
was  attained.  When  dlcaptone  Is  topically  applied  the  for 

house  flies  Is  0.08  pg/lnsect,  and  for  the  larvae  of  Anopheles 
mosquitoes  the  LD^q  Is  0.029  mg/il. 

2 

The  addition  of  sugar  to  the  emulsion  (10-12?,  or  2. 5-^. 5  g/m  ) 
ensures  the  complete  extermination  of  flies  with  the  duration  of 
the  residual  action,  according  to  some  authors,  11  days,  and 
according  to  others  —  6-b  weeks. 

In  combating  cockroaches  using  a  1-2?  emulsion  their  complete 
extermination  is  observed  for  60  days.  It  is  also  effective 
with  respect  to  resistant  common  cockroaches. 

When  the  preparation  was  used  In  the  form  of  a  2?  emulsion 
at  a  rate  of  4  £  per  100  m  the  complete  extermination  of  the  flies 
was  observed  and  the  duration  of  the  residual  action  was  24  days. 

V/hen  It  was  used  to  destroy  fruit  flies  at  a  concentration 
of  0.1?  their  mortality  rate  In  thei'r  breeding  places  reached 
97-100?,  its  residual  action  was  preserved  for  37  days. 

To  destroy  ectoparasites  of  birds  and  animals  the  0,5?  suspension, 

0.25?  solution  and  the  4?  disinfecting  powder  of  dlcaptone  were 

used,  25  ml  was  applied  to  each  bird,  and  manure  was  treated  at 
2 

a  rate  of  50  g/m  of  surface.  Lice,  mites  and  ticks  were  completely 
destroyed,  the  residual  action  was  preserved  for  105  days.  After 
treating  sheep  with  a  0.1?  emulsion  the  mortality  rate  of  the  ecto¬ 
parasites  reached  100?  and  the  duration  of  the  residual  effect 
was  6  weeks,  moreover  dlcaptone  colored  the  wool  of  the  animals. 


The  toxicity  of  dlcaotone  to  warm-blooded  animals  Is  low:  when 
orally  admlniatered  the  LD50  is  equal  for  mice  and  rats  to  from 
i|00  to  1350  mz/kz  with  the  introduction  of  lO:?  oil  solutions  and 
171  with  the  Introduction  of  the  10-20%  aqueous  suspension. 

In  dogs  with  a  single  oral  dose  of  200  mg/kg  (in  vegetable  oil) 
the  suppression  of  cholinesterase  activity  is  observed;  the  application 
on  the  skin  of  guinea  pigs  for  18  hours  of  a  dry  dressing  containing 
the  preparation  at  a  rate  of  200  mg/kg  did  not  cause  harmful  symptoms 
and  the  suppression  of  cholinesterase.  After  the  administration 
to  rabbits  In  the  conjunctival  sac  of  0.1  ml  of  a  50?  oil  solution 
only  mild  irritation  was  observed.  When  it  was  Introduced  with 
the  feed  for  4  days  at  a  rate  of  200  mg/kg  (oil  solution)  all  the 
animals  died,  with  the  daily  Introduction  of  100  mg/kg  the  animals 
died  within  a  week. 

When  dogs  v;ere  fed  feed  for  3-6  weeks  (6  times  a  week)  contalninr 
10,  50,  and  100  mg/kg  of  dlcaptone  they  developed  a  progressive 
lowering  of  cholinesterase  activity  in  the  plasma  and  erythrocytes 
and  symptoms  of  poisoning,  the  severity  of  which  depended  on  the 
dose,  Tnese  symptoms  included  salivation,  ataxia,  shortness  of 
breath,  depression,  stomach  disorder,  and  loss  of  weight.  After 
the  administration  of  the  preparation  was  stopped  all  the  symptoms 
disappeared  and  the  condition  of  the  animals  returned  to  normal 
(W.  Negherbon,  1959). 


Dlthlone 


Dithione  -  -  0, 0-dlethylthlophosphorlc  acid  ester 

of  3 , ^-tetramethyleneumbelllferone . 


w^-.^epr  ■• 


•■  '‘59ejW<T‘=^>  ^S*^^*?* 


Synonym:  0,0-diethyl'  hi opho8phe.te-7“-Jiydroxy-3*^“tetramethylene' 
coumarin.  Its  molecular  weight  Is  368.  It  Is  a  white,  crystalline 
substance  with  a  melting  point  of  88-88.5®.  The  technical  product 
contains  9^-96!?  active  substance;  it  is  a  large-granular  powder 
of  grayish  color  with  a  melting  point  of  85-87®.  It  is  Insoluble 
in  water  and  partially  soluble  in  organic  solvents.  The  pure 
preparation  is  soluble  in  absolute  alcohol,  and  upon  the  dissolution 
of  the  technical  product  at  a  1%  concentration  a  slight  pjreclpitate 
is  formed.  It  dissolves  in  acetone  with  the  limits  of  21Jf,  in 
benzene  up  to  it  is  stable  in  an  alkaline  medium.  Dithlone 

possesses  very  low  volatility.  For  example,  in  an  experiment  at 
35®  tlie  loss  in  weight  was  barely  3%  after  60  days.  Prom  dithlone 
pastes  are  prepared.  In  Italy  they  prepare  special  preparations 
for  combating  flies,  in  the  composition  of  which  there  is  18J5 
technical  dithlone  (approximately  1T%  pure  compound),  5?  technical 
rogor,  N-monomathylamlde-0,0-dlmethyldlthiophO8phoryl  acetic 

acid,  technical  DDT,  6.52  S  150  (synergist  of  DDT  ^-chloro- 
benzylsulfone-i'J-methyl-4-chloroanillde) ,  22.52  dissolving  and 
dispersive  substances.  This  mixture  received  the  name  dlthlone-l&. 
The  latter  is  not  used  to  treat  agricultural  cultures.  It  is 
especially  recommended  for  the  disinfestation  of  dwellings, 
industrial  and  agricultural  installations  for  the  extemlnation 
of  flies  (sensitive  and  resistant  to  chlorinated  hydrocarbons), 
mosquitoes,  spiders  and  other  arthropods. 

It  is  more  effective  than  the  other  insecticides,  when  used 
for  these  purposes.  In  most  cases  it  is  possible  to  provide 
protection  against  flies  for  a  whole  year  with  a  single  treatment. 

In  preparing  working  solutions  1  kg  of  dlthlone-l8  is  dissolved 
in  15  I  of  water.  This  is  done  in  the  following  manner:  first 
1  kg  of  paste  is  diluted  with  a  small  amount  of  water  (fresh)  until 
a  tiilck  homogeneous  suspension  is  obtained,  then  the  remaining 
a;rount  of  water  is  gradually  added  with  continuous  mixing  until 
lite  uesired  dilution  of  mixture  is  obtained.  The  liquid  Is  applied 
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on  a  surface  at  a  rate  of  2,9  g/m^  (of  preparation).  This  insecticide 
is  not  recommended  for  use  In  the  disinfestation  of  bedrooms, j  school 
rooms,  hospital  v;ards  and  in  general,  premises,  where  people 
remain  for  a  long  period  of  time.  Technical  dltnione  possesses 
insignificant  toxicity  to  wa' "n-blocded  animals.  Thus,  for  example, 
when  orally  administered  the  LD^q  for  mice  is  1820-1050  mg/kg, 
for  rabbits  —  450  mg/kg,  for  dogs  —  400  mg/kg;  when  intravenously 
administered  to  mice  150  mg/kg  of  solution  (in  dlmethylamlde) 
kills  10;J  of  the  animals. 


The  toxicity  of  dlth|lone-l8  is  somewhat  different  from  the 
toxicity  of  technical  dlthlone:  when  an  aqueous  suspension  is 
orally  administered  the  LD^q  for  nice  is  6l5  mg/kg,  for  rats  -  210 
J^g/kg,  and  when  2  g/kg  are  applied  to  the  skin  2C5S  of  the  animals 
are  killed. 


EPN 


-  (ethylparanltrophenylbenzenethiophosphonate) 


-  C^i,K^i,0;jPSN. 


0-CA 


Synonym:  ethyl-n-nltrophenylthiobenzenephosphonate.  Its 

molecular  weight  is  301-303*  In  pure  form  it  is  white  crystals, 

technical  -  dark  transparent  liquid.  The  boiling  point  of  the  pure 

preparation  is  36°.  The  specific  gravity  (technical)  is  1.268; 

refraction  (technical)  is  1.5978;  at  20°  the  vapor  pressure  is 
-4 

3*10  mm  Hg,  at  100°  —  0.03  mm  Hg.  It  is  completely  Insoluble 
in  water,  it  dissolves  in  the  majority  of  organic  solvents,  it 
is  stable  at  normal  temperatures  in  an  acid  medium,  it  is  hydrolyzed 
in  an  alkaline  medluia. 
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Abroad  it  Is  manufactured  in  the  form  of  wettable  powder  and 
emulsion  concentrate.  It  possesses  high  Insecticidal  properties. 


The  p.eparatlon  in  its  toxicity  to  mosquitoes  is  approximately 
100  times  higher  than  carbophos,  it  is  also  highly  toxic  to  flies. 

It  is  used  to  -exterminate  pests  of  agricultural  plants,  in  particular 
to  combat  the  spider  mite.  Ethyl-n-paranltrophenylbenzenethlophosphate 
is  highly  toxic  to  animals,  tifhen  orally  administered  the  LD^q 
is  equal  for  mice  to  mg/kg,  for  rats  ■“  5"^0  mg/kg,  for  guinea 
pigs  -  10-30  mg/kg,  for  dogs  -  20-45  mg/kg.  The  larvae  of  Culex 
and  Aedes  mosquitoes  die  within  24  hours  within  the  limits  of 
50;:;  when  0.00064-0.00086 'mg/Jl  of  it  is  present  in  water.  kTien 
KPN  is  topically  applied  the  LD^q  for  the  house  fly  is  1. 9-2.0  pg/g 
(of  the  v.'elght  of  the  Insect). 

Carbophos 

Carbophos  -  Cio%9^6^^2  ”  0,0-dlmethyl-S-(l,2-dicarboethoxyethyl) 
dlthlophosphate 


s 


CH^ 


sai-ooocyi4 

^-OOOGM 


Synonyms;  raalathlon;  S-(l,2-dicarbethoxyethyl-0,0-diffiethyl- 
phosphorodethlonate  j  1 ,2-bls-(ethoxycarboi'vyl)-ethyl-0,0  -dimethylthlo- 
phosphate^  0,0-dlmethylthlophosphate  of  diethyl  mercaptosucclnate; 
experimental  insecticide  4049  (American  Cyanamlde  CO[. ).  Its 
molecular  weight  is  330. 

In  pure  form  it  is  a  yellowish  oily  liquid;  the  technical 
preparation  -  a  dark-brown  liquid  with  a  strong  garlic  odor;  it 
contains  95'98X  pure  preparation;  its  melting  point  is  2.85* 

(purity  990;  its  boiling  point  is  156-157*  with  Insignificant 
decomposition  upon  boiling.  Its  specific  gravity  at  4-20*  (technical) 


l8  1.23i  Its  index  of  refraction  at  25®  (purity  99^)  is  1.^95. 

Its  vapor  pressure  is  *  10”^  mm  Hg  at  a  temperature  of  30®;  the 
saturated  atmosphere  holds  0.5  part- per  million;  it  is  slightly 
soluble  in  water  (up  to  1^5  mg  per  a);  it  mixes  with  the  majority 
of  utilized  organic  solvents;  it  Is  somewhat  soluble  in  petroleum 
oils;  it  is  rapidly  hydrolyzed  at  pH  greater  than  7  and  less  than 
5;  it  is  stable  in  an  aqueous  buffer  solution  (pH  5.26);  in  the 
presence  of  alkaline  oompounis  the  acute  action  of  carbophos 
almost  does  not  diminish*  but  its  residual  toxicity  considerably 
decreases.  It  is  soluble  in  alcohol*  ether*  ketone*  aromatic 
substances*  alkylated  aromatic  hydrocarbons*  vegetable  oils*  and 
in  light  petroleum  oil  (30-60®).  Carbophos  decomposes  at  270®. 

A  study  of  the  stability  of  the  preparations  in  light  packing  by 
the  spectrophotometric  met'.iod  showed  that  of  100  different 
preparations  containing  carbophos  more  than  ha]'  lose  their  activity 
after  a  year's  storage.  The  compatibility  of  carbophos  with 
fungicides  and  Insecticides  varies;  it  is  stable  when  mixed  with 
the  majority  of  chlorinated  hydrocarbons  with  the  exception  of 
toxaphene*  but  it  is  incompatible  with  calcium  hydroxide  and 
Bordeaux  mixture. 

Insecticidal  properties.  Carbophos  combines  low  toxicity 
to  mammals  with  extremely  high  activity  with  respect  to  phytophagous 
mites*  lice*  mammals  and  birds*  aphldae*  various  Insects*  flies* 
sucking  and  gnawing  insects*  pests  of  fruits,  vegetables  and  plants. 

At  the  present  time  it  is  one  of  the  fev/  crganophosphorus  insecticides 
recognized  as  sufficiently  safe  for  broad  sale  to  the  population 
for  the  purpose  of  combating  Insects  (Clark).  C«rboplios  is  toxic 
to  Insect  wlti.  ts  contact  action*  through  the  intestine  and  by  its 
fumlgatlonal  action.  It  penetrates  into  plant  tissues  (through 
one  side  of  the  leaf  surface). 

Carbophos  is  produced  in  the  form  of  a  concentrate  containing 
351  technical  preparation  and  65%  auxiliary  emulsifier  substance 
(COP-7]  (  on>T)).  The  concentrate  is  a  dark-brown  liquid;  it 
readily  emulsifies  with  water.  A  5%  moisture  content  in  the 
disinfecting  powder  does  not  have  a  negative  effect. 
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A  ^-15%  water  content  in  the  emulsion  concentrate  has  a 
negative  action  after  5  weeks  of  storage  at  50*  (It  Is  decomposed 
by  All  emulsion  concent'.'’ate8  not  containing  water  under 

those  same  conditions  for  that  same  period  decreased  In  effectiveness 
by  12%,  Carbophos  is  also  used  In  the  form  of  a  disinfecting 
powder  containing  2k%  of  the  preparation  (Ral).  The  addition  of 
powdered  metals  to  the  disinfecting  powder  leads  the  considerable 
decomposition  of  carbophos.  The  most  active  effect  Is  rendered 
by  copper,  lead,  to  a  lesser  degree  by  tin,  zinc.  Iron.  .Ittiiy 
salts  and  oxides  also  considerably  decrease  the  efiectlveness  of 
the  carbophos  in  the  disinfecting  powder.  After  2  weeks  of  storage 
of  the  disinfecting  powders  with  the  addition  of  Hg(N0^)2>  PeCl^, 
Pe(N02)2»  HgO,  CU2O  96-100?  of  the  carbophos  decomposed,  with  the 
addition  of  CuCO^,  CUCI2,  CuO,  SUCI2,  (C2HgHg)2HP0|j  Its  ejffectlveness 
was  diminished  by  71-78?.  With  the  presence  of  HgCl2  and  CUCI2 
its  effectiveness  was  diminished  by  67-70?. 

With  the  presence  of  HgS0|,,  CuSo^j,  CH^OCgNij,  HgCl  carbophos 
after  2  weeks  was  decomposed  by  52-56?.  Without  the  addition  of 
the  indicated  compounds  the  effectiveness  of  the  disinfecting 
powder  after  2  weeks  had  decreased  by  5 *2?  (Mack,  ^'limnons). 

When  the  temperature  increases  the  Insecticidal  properties  of 
carbophos  increase.  Thus,  for  example,  the  ^  '(Mbo’  for 

house  flies  at  26®  was  equal  to  13  yg/g  and  at  17®  LD^q  -  19  yg/g* 

Plperonyl  butoxlde  is  an  antagonist  of  carbophos;  when  they 
are  administered  Jointly  to  animals  the  degree  of  cholinesterase 
suppression  decreases;  this  is  not  observed  In  common  cockroaches. 

When  plperonyl  butoxlde  is  added  to  carbophos  Its  effectiveness 
in  combating  insects  Is  diminished,  while  with  the  addition  of 
this  synergist  to  chlorophos  and  dlazlnon  their  Insecticidal 
properties  are  Increased.  When  pyrethrlns  are  added  to  carbophos 
their  effectiveness  Is  augmented  (Johnson,  Ouye,  Ral,  Sundershan). 
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The  roost  effective  synergists  of  carbophos  turned  out  to  bel[DEP]!(TBTffi) 
(SSS-trlbutyl-phosphorotrlthloate)  and  trlphenyl  phosphate:  the 
former  Increases  the  toxicity  of  carbophos  to  resistant  files  by 
approximately  ^0  times,  and  the  second  by  2-3  times  (Plapp). 

Trltolyl  phosphates  Intensify  carbophos  with  respect  to  mosquitoes, 
but  they  do  not  Intensify  It  with  respect  to  files.  Triisopropyl 
phosphorotetrathloates  conversely.  Intensify  carbophos  against 
flies,  but  do  not  Intensify  It  against  mosquitoes.  The  intensification 
of  the  activity  of  carbophos  probably  occurs  as  a  result  of  the 
blocking  of  the  Insects'  abllly  to  detoxicate  the  oxygen  analog 
of  carbophos  by  the  synergist. 

The  residual  toxic  effect  of  carbophos  emulsion  when  treating 
wooden,  plastered  surfaces  is  brief  -  not  more  than  2-3  days  in 
the  summer  season.  It  Is  not  recommended  that  carbophos  be  applied 
In  dwellings;  It  must  not  be  applied  on  freshly  whitewashed 
surfaces;  this  can  only  be  done  14  days  after  whitewashing. 

Carbophos  Is  a  fast  acting  poison  with  respect  to  winged  flies 
and  their  larvae.  Irreversible  paralyses  manifest  themselves  in 
flies  5-10  minutes  after,  and  In  larvae  15-20  minutes  after  contact 
with  the  preparation  emulsions.  In  regard/ to  the  toxicity  of 
carbophos  to  house  flies  when  topically  applied  the  LD^q,  according 
to  some  data.  Is  0.56  wg  per  fly,  or  27  wg/g,  according  to  other 
dat^,  the  Is  2  ug  per  Insect  (Table  10);  when  sprayed  the 

Is  0.48  mg/mt  calculating  the  mortality  rate  after  24  hours.  For 
Fannla  flies  the  LD^q  with  topical  application  Is  0.06-0.1  vg 
per  fly.  When  dlazlnon  Is  applied  the  house  flies  Is 

0.092  ug  per  fly. 

Table  10.  The  toxicity  of  carbophos  to 
Insects  when  applied  on  the  anterior  back 
In  the  form  of  alcohol  solutions 
(according  to  Ye.  V.  Shnayder) 


(#) 


nua  I  Um 
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In  combating  files  ca  bophos  Is  mainly  applied  in  planes 
containing  animals  (dairy  farms, {pigsties  and  so  forth).  However, 
some  authors  do  not  recommend  the  application  of  carbophos  on 
dairy  farms  and  In  other  places,  where  food  products  are  present, 
because  of  Its  unpleasant  odor.  Vfhen  carbophos  Is  used  In  treating 
surfaces  the  duration  qf  the  Insecticidal  action  Is  retained  for 
from  2  to  3  weeks. 

In  exterminating  fly  larvae  In  liquid  waste  materials  (discharge 
from  toilets  and  sinks)  i;^  (of  technical  preparation)  water  emulsions 
of  carbophos  are  recommended  at  dolses  of  0.1-0. 2  t/m  of  treated 
surface  (1-2  g/m  of  technical  carbophos).  Treatment  Is  carried 
out  once  In  10-15  days  depending  upon  the  season  and  meterologlcal 
conditions. 

In  exterminating  files  In  solid  waste  material  (everyday 
rubbish,  manure),  when  the  waste  material  Is  20-30  cm  thick  the 
carbophos  emulsion  Is  applied  at  0.3-0.5J  (by  technical  preparation) 
at  a  dose  rate  of  1-2  i/m^,  3-10  g  of  technical  preparation  per 
m^. 


In  treating  large  amounts  of  solid  waste  ma|terlal  10-12  t/m^ 
0.03-0.5>  emulsion  (30-50  g  of  technical  preparation  per  m^) 
are  applied.  The  delarvatlon  of  solid  waste  material  In  receptacles 
of  various  types  Is  carried  out  with  emulsions  of  carbophos  once 
In  5-10  days  depending  on  the  meteorological  Conditions,  the  periods 
of  decontamination  and  the  rate  at  which  the  receptacles  fill  up. 

Good  results  were  obtained  with  the  use  of  a  2S  water  emulsion 
of  carbophos  In  combating  fly  larvae  In  poultry  droppings.  Treatl*’^ 
of  soil  with  a  carbophos  emulsion  Is  Ineffective,  because  In  Its 
Interaction  with  the  soil  carbophos  Is  hydrolysed  and  loses  Its 
Insecticidal  properties.  Carbophos  has  not  been  observed  to  possess 
properties,  which  attract  or  repel  Insects. 

Carbophos  Is  widely  applied  as  an  Intestinal  poison  for  files 
In  the  form  of  baits  containing  suiRhr  or  other  attracting  food 
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substances.  When  applied  to  a  surface  the  odor  rapidly  disappears. 

Balts  containing  a  0.5-5%  carbophos  emulsion  and  12%  sugar,  when 
applied  to  the  walls  of  cow  barns  and  pigsties,  retain  their 
effectiveness  for  3-^  weeks.  Halts  placed  In  various  vessels 
preserve  their  effectiveness  considerably  longer. 

* 

Effective  results  are  noted  when  carbophos  Is  used  mixed 
with  molasses  (carbophos  0.5-lSK,  molasses  1~5%). 

A  number  of  authors  Indicates  that  molasses,  and  also  sugar 
causing  the  crystallization  of  the  preparation.  Increase  the  toxicity 
of  carbophos  and  Increase  the  duration  of  Its  action.  In  combating 
house  flies  carbophos  Is  also  applied  In  the  form  of  granulated 
baits.  As  carriers  of  the  Insecticide  It  Is  possible  to  use  sugar, 
corn  grains,  various  admixtures,  etc.  According  to  Kilpatrick, 
baits  containing  2%  carbophos  do  not  attract  and  even  repel  flies. 
Carbophos  possesses  considerable  larvlcldal  effects.  According 
to  Baker  carbophos  at  a  concentration  of  0.25“0.953{  is  effective 
In  combating  fly  larvae  In  animal  corpses.  For  combating  mosquitoes 
the  Universal  Organization  of  Public  Health  sanctioned  the  application 
of  carbophos  at  an  expenditure  rate  of  1.5-2  g/m  .  Such  a  treatment 
provides  the  protection  of  premises  for  5  weeks.  Gulllln  showed 
that  carbophos  as  compared  to  lindane  works  30  times  more  effective 
with  respect  to  Aedes  mosquitoes  and  40-100  times  more  effective 
with  respect  to  Culex  mosquitoes.  The  absorption  and  subsequent 
Inactivation  of  carbophos  by  clay  walla  limits  Its  use  In  combating 
malaria  on  porcus  surfaces.  Outside  quarters  the  preparation  can 
also  be  sprayed  f zom  aircraft. 

For  exterminating  mosquitoes  In  the  larval  stages  an  emulsion 
or  the  Insecticide  In  granulated  form  Is  applied  at  a  rate  of 
600-800  g/ha. 

Carbophos  is  highly  effective  In  aerosol  form  (0.11-0.17 'kg/ha) , 
when  used  to  exterminate  A.  taenlarhynchus  mosquitoes.  Its 
effectiveness  In  this  case  Is  higher  than  the  effectiveness  of  dlazlnon. 


ronnel  and  dlchlophos.  When  carboohos  la  topically  applied  for 
Anopheles  mosquitoes  the  LD^q  Is  equal  to  0.0087  vg  par  Injseot. 

According  to  Brown  and  others,  when  carbophos  Is  used  mosquito 
larvae  rapidly  develop  resistance.  Thus,  for  example,  according 
to  his  data,  by  the  8th  generation  the  resistance  had  Increased 
by  6  times  as  compared  to  the  initial  generation.  Cross  resistance 
developed  simultaneously  for  the  following  preparations  (there  Is 
indicated  in  parentheses  by  how  many  times  as  compared  to  a 
susceptible  strain):  lindane  (2-3),  methoxychlor  (3)»  sevin  (5) 
[DDT]  (Ai[[T)i  (30).  The  resistance  to  DDT  developed  In  an  Imago 
strain  subjected  to  selection  [breeding]  malathion  was  analogous 
to  the  resistance  of  the  larvae. 

In  cr-nnection  with  the  fact  that  certain  strains  of  body 
lice  became  reslivtant  to  DDT  and  gamma-hexachlorane ,  the  need 
arose  to  seek  a  new  effective  preparation.  Carbophos,  as  Is  known, 
is  active  with  respect  to  lice  at  a  1%  concentration;  after  the 
preparation  Is  applied  to  linen  it  does  have  a  toxic  effect  on 
people,  who  wear  this  linen.  According  to  Barens,  In  the  Seoul 
prison  no  toxic  symptoms  were  noted  for  200  persons,  who  were 
treated  with  carbophos  to  kill  lice.  The  duration  of  the  action 
of  the  disinfecting  powder  was  retained  for  4  weeks.  After  dusting 
the  bodies  and  clothing  of  89  persons  3  times  a  week  for  8-I6 
weeks  with  0.1,  5  and  10)(  carbophos  disinfecting  powder  with  talc 
filler  no  toxic  symptoms  were  repox'ted.  The  experiments  showed 
that  after  two  treatments  of  30-40  g  each  per  man  of  carbophos 
disinfecting  powder  with  a  2-week  Interval  between  them  the  number 
or  lice  Is  reduced  to  such  a  level  that  the  typhus  cannot  be 
transmitted  from  one  person  to  other.  Two  such  treatments  are 
effective  for  the  period  of  a  year. 

A  method  of  treating  vo]:  .eers  consisted  of  ti.e  following. 
Each  given  90  g  of  disinfecting  powder;  they  dusted  one  another 
after  taking  showers  and  after  blood  samples  had  been  taken  the 


191 


(Jujt  covered  the  whole  body,  except  the  head,  neck  and  genitalia, 
for  which  25-30  g  were  required,  the  remaining  amount  was  used  to 
treat  the  clothing.  After  the  treatment  each  washed  his  hands  and 
forearms.  In  the  urine  on  the  average  1.8-3.3X  of  carbophos  was 
detected  (ileyes). 

The  complaints  of  people  about  the  odor  and  skin  irritation 
were  approximately  proportional  to  the  employed  dose  of  the  preparation. 
Changes  were  not  registered  in  the  activity  of  blood  cholinesterase 
with  the  exception  of  cases  where  the  lOJJ  disinfecting  powder  was 
used.  Tne  excretion  of  formed  derivatives  of  carbophos  with  the 
urine  was  proportional  to  the  pi’eparatlon  dose.  Other  changes 
were  not  noted,  which  could  be  ascribed  to  the  effect  of  carbophos. 

Carbophos  can  be  used  to  combat  the  (Kantack)  moth.  Carbophos 
is  highly  effective  in  combatting  animal  ectoparasites,  in  particular 
of  pigs  and  birds.  It  can  be  used  to  combat  ectoparasites  of 
chicks  at  the  age  of  9  weeks;  turkeys  at  the  age  of  12-15  weeks  can 
endure  being  immersed  in  a  1%  solution  of  carbophos.  When  the 
concentration  was  increased  to  2iJ,  25%  of  the  birds  died;  all  the 
others  manifested  symptoms  of  poisoning.  Submersion  in  a 
emulsion  of  the  preparation  kills  all  the  birds.  When  bedding 
was  treated  with  carbophos  disinfecting  powder  at  a  rate  of 
125-r60  g/m  good  results  were  observed  in  combating  lice  on  hens 
for  5  weeks.  It  has  been  determined  that  when  carbophos  is  used 
tc  treat  bedding  it  does  not  diminish  the  hatching  of  chicks  from 
eggs  and  no  traces  whatsoever  of  the  preparation  were  detected  in 
the  eggs  of  the  birds.  Solutions  containing  1$  carbophos  completely 
exterminate  «be  ectoparasites  of  birds  for  a  period  of  ^19  days 
after  the  treatment.  When  0.25-0.5J  solutions  were  used  worse 
results  were  observed  (Rodriguez). 

Carbophos  differs  from  the  organophosphorus  insecticides  in 
that  arthropods  die  after  a  considerably  eztendeL  phase  of  ataxia. 

Thus,  for  example,  in  cockroaches  ataxia  began  to  rianlfest  Itself 
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rather  rapidly,  approximately  after  30-60  minutes «  but  It  was 
drawn  out  for  a  prolonged  period  of  time.  After  the  administration 
of  1  pg/g  of  the  preparation  the  Insects  remained  half  alive  for 
a  period  of  5  days.  Insect  resistant  to  the  chlorinated  hydrocarbons, 
retain  their  sensitivity  to  caroophos. 

In  agriculture  it  Is  used  to  combat  pests  of  vegetables  and 
grain  as  a  contact  poison  and  as  a  systemic  poison.  As  a  result  of 
the  application  of  carbophos  more  than  75  species  of  Insects  die  on 
30  species  of  plants  or  more.  It  Is  hlghely  effective  In  combating 
files,  and  pests  of  fruit  trees  and  agricultural  cultures. 


Carbophos  Is  effective  with  respeci  to  small  or  Inten.  '.diate 
citrus  infestations  at  a  dcse  rate  of  1  kg  of  251  wettable  powder 
per  378  i  of  water  (the  application  Is  carried  out  after  blossoming); 
it  can  be  mixed  with  thiophos  or  various  petroleum  oils.  It  Is 
relatively  nonphytotoxlc. 

A  positive  property  of  this  insecticide  for  agriculture  Is  the 
fact  that  its  residues  on  plants  very  rapidly  decompose.  When 
applied  to  vegetation  It  disappears  within  3-^  days.  The  interval 
between  the  last  application  and  the  gathering  of  the  harvest 
should  be  7  days;  for  certain  species  harvested  products  72  hours 
is  sufficient.  The  amount  of  the  preparation  In  the  gathered  harvest 
should  not  exceed  8  mg/kg.  ^he  application  of  carbophos  has  a 
noticeable  negative  influence. 

N.  M.  Rusln,  0.  N.  Vasil 'yeva  and  V.  0.  Kharchenko  conducted 
a  hygienic  appraisal  of  food  crops  treated  with  carbophos.  The 
authors  came  to  the  conclusion  that  the  application  oi  carbophos 
to  protect  agricultural  food  crops  Is  completely  permissible  under 
the  conditions,  that  the  products  obtained  from  these  cultures  will 
not  have  an  unpleasant  taste  and  odor  no^.  characteristic  of  these 
species  of  products,  and  that  the  amount  of  residual  carbophos 
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will  not  exceed  5  mg/kg.  Carbophos  Is  widely  used  to  combat  Insects 
pests  of  stored  products.  When  8  mg  of  carbophos  are  present  per 
kg  of  wheat  Its  effectiveness  Is  retained  for  5  months;  under  the 
same  conditions  the  effectiveness  cf  the  gamma-isomer  of  hexa- 
chlor cyclohexane  Is  retained  for  a  period  of  15  months;  with  the 
presence  of  mg/kg  of  the  gamma-isomers  of  hexachlorane  Its 
effectiveness  Is  preserved  for  10  months.  It  has  been  determined 
that  with  the  presence  of  carbophos  In  wheat  In  the  amount  of 
8  mg/kg  an  unpleasant  odor  was  not  perceived;  with  the  addition 
of  100  mg  of  carbophos  per  kg  of  grain  the  latter  acquires  an 
unpleasant  odor.  The  wheat  moisture  has  great  significance;  It 
has  been  established  that  \2%  —  the  maximum  pertnlsslble  humidity. 
Carbophos  rapidly  decomposes  on  fruits  and  vegetables;!  14  days 
after  treatment  the  preparation  Is  detected  on  apples,  pears,  and 
cabbages  in  only  trace  amounts.  In.  the  treatment  of  empty  store¬ 
houses  it  Is  recommended  that  It  be  applied  to  surfaces  within  the 
limits  of  1.5  g/m^. 

The  mechanism  of  the  action  of  carbophos  reduces  to  the  fact, 
that  the  metabolite  in  vivo  suppress  the  activity  of  cholinesterase. 
Acetylcholine  and  acetylcholinesterase  exist  in  the  nervous  systems 
of  Insects;  the  role  of  acetylcholine  In  the  transmission  of 
stimulation  along  the  nerves  has  still  been  only  studied  to  a 
minor  degree  In  insects  and  In  mammals,  but  the  presence  of 
chu  .j.nesterase  In  excess  In  the  brain  and  nervous  trunk  makes  It 
necessary  to  assume  that  It  plays  a  large,  role  In  the  nervous 
physiology  of  Insects,  although  as  yet  there  l^^no  data  about  the 
role  of  acetylcholine  as  a  neural  synaptic  mediator  In  Insects,  In 
connection  with  which  there  was  advanced  the  assumption  that  not 
the  choline,  but  some  other  esters  can  be  In  insects  these  synaptic 
mediators,  which  are  decomposed  by  an  enzyme  capable  of  hydrolyzing 
acetylcholine.  In  suppressing  cholinesterase  carbophos  Is  less 
active  In  vivo  than  many  other  organic  phosphates.  The  death  of 
an  Insect  Is  observed,  when  the  level  of  cholinesterase  suppression 
reaches  57S>  All-esterase  Is  also  rapidly  suppressed  In  flies. 
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When  an  amount  of  the  preparation  is  used,  ensuring  the  survival 
of  several  Individuals,  the  level  of  all-esterase  activity  returns 
to  normal  within  24  hours  (Plapp).  Carbophos  metabolism  In  higher 
animals,  probably,  to  some  degree  Is  similar  to  Its  metabolism 
In  Insects. 

The  metabolic  Inactivation  and  elimination  of  carbophos  In 
Insects  Is  less  Intensive  than  In  mammals,  which  is  explained  by 
the  great  difference  In  toxicity  In  Insects  and  higher  animals. 

For  example,  when  the  preparation  Is  administered  Intra-abdomlnally 
to  chickens  definite  Initial  symptoms  of  Intoxication  are  observed, 
but  even  200  mg/kg  do  not  kill  them,  which,  | obviously,  can  be 
explained  by  the  elimination  of  the  pr-.:;iaration  by  its  Intense 
Inactivation  (possibly,  low  absorption  at  the  basic  site  of  Its 
effect) . 


According  to  data  obtained  In  determining  oxygen  consumption 
In  a  Warburg's  apparatus,  the  presence  of  organophosphorus  preparations 
([TEPP]  (T8nn))  at  a  molar  6oncentratlon  of  1:100-1.10,000  stimulates 
the  cytochrome  oxidase  of  the  coxal  muscles  of  the  American  cockroach. 
However,  carbophos  and  thlophos  completely  suppress  cytochrome 
oxidase  with  the  presence  In  dilution  of  1:1000.  The  symptoms 
of  the  poisoning  of  cockroaches  by  carbophos  are:  hyperexcitability, 
after  which  there  ensues  complete  ataxia  (the  beginning  of  ataxia 
occurs  30  minutes  —  1  hour  after  the  application  of  the  preparation) 
with  noticeable  tremor  at  first  of  the  whole  body,  and  then  only 
of  the  extremities.  After  the  Injection  of  10  ug  of  the  cockroaches 
remain  In  a  moribund  state  for  5  days  and  respond  to  stimulation 
with  tremor. 
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The  resplrac.lon  of  cockroaches  after  an  injection  of  a  dose 
of  17-96  Mg/g  of  carbophos  Is  Intensified  In  the  beginning  and 
subsequently  marked  reductions  are  noted  In  oxygen  consumption. 

This  compound  has  attracted  attention  because  Its  low  toxicity 
to  mammals  and  Its  rapid  disappearance;  however.  It  has  turned  out 
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to  be  very  toxic  to  certain  wild  animals,  and  also  to  fish. 

Regarding  the  toxicity  of  carbophos  to  higher  animals.  It  Is 
one  of  thn  least  toxic  of  the  organophosphorus*'  compounds  -  It  Is 
100  times  less  toxic  than  thlophos,  while  Its  Insecticidal  properties 
are  lower  than  the  Insecticidal  properties  of  thlophos  by  3-^ 
times. 

The  preparation  does  not  possess  cumulative  properties.  The 
toxicity  of  carbophos  to  warm-blooded  animals  when  orally  administered 
to  a  considerable  ex+-ent  depends  upon  Its  degree  of  purity,  and  also 
on  the  form  and  quality  of  the  solvent.  The  LD^q  of  pure  undiluted 
carbophos  for  male  rats  Is  1850  mg/kg,  while  the  LD^q  of  a  solution 
of  65?  carbophos  In  propylene  glycol  for  male  rats  is  equal  to 
369  mg/kg. 

When  cows  are  fed  hay  containing  800  parts  of  carbophos  per 
million  parts  of  hay,  the  latter  is  not  detected  In  the  mJlk. 

In  the  animal  organism  carbophos  is  oxidized  and  converted 
Into  malaxon,  which  Is  a  considerably  more  toxic  compound  than 
carbophos.  The  formation  of  malaxon  In  warm-blooded  animals 
occurs  mainly  In  the  liver,  to  a  lesser  degree  in  the  neart  and, 
possibly,  In  the  testicles;  In  cockroaches  —  In  tho  fat  bodies 
and  mldgut. 

Along  with  the  activation  of  carbephoi  In  the  crganlsm^s  01 
warm-blooded  animals  and  Insects  there  occurs  the  hydrolytic 
decomposition  of  carbophos  and  malaxon  with  the  separation  of 
an  ester  of  carboxylic  acid.  In  mice  malaxon  is  hydrolyzed  In  the 
liver,  kidneys  and  lungs;  In  the  cockroach  hydrolysis  occurs  In 
the  fat  bodies.  The  lower  toxicity  of  carbophos  to  warm-blooded 
animals  as  compared  to  Insects  Is  explained  by  difference  In  the 
rate  of  hydrolytic  decomposition  of  malaxon.  This  hydrolysis  In 
mice  occurs  faster  than  the  process  of  the  accumulation  of  malaxon 
obtained  by  the  oxidation  of  carbophos.  In  the  cockroach  activation 
occurs  more  rapidly  than  hydrolysis,  and  therefore  It  accumulates 
in  the  organism  up  to  the  lethal  level. 


Carbophos  aerosols  are  only  slightly  toxic  to  vertebrates. 

Thus,  for  example.  In  rats  toxic  symptoms  are  not  noted  with  a 
one-time  or  two-time  stay  in  premises,  where  carbophos  exists  in 
the  aerosol  state  at  a  concentration  of  60  mg/l,  with  the  exception 
of  local  irritation.  A  single  administration  of  951  technical 
carbophos  in  an  amount  of  0.05  ml  into  the  conjunctival  sac  of 
a  rabbit  caused  mild  conjunctivitis.  Vlhen  the  preparation  is 
administered  to  rabbits  for  2  years  with  their  food  containing 
5000  yg/kg  the  animals  remain  healthy;  these  amounts  do  not  inhibit 
growth  etc.  Males  w'thstood  food  containing  1:10,000  for  one 
year,  and  some  withstood  1:20,000  for  2  years.  In  a  microscopic 
examination  of  the  organs  of  sacrificed  animals  no  pathological 
changes  were  detected  In  them.  When  dogs  ate  food  for  5  weeks, 
containing  100  mg/kg,  no  symptoms  of  poisoning  were  observed. 

Analogous  data  are  also  available  with  respect  to  cats.  When  dogs 
are  administered  a  single  dose  of  [EPN]  i(8nH)  and  carbophos  a 
50-fold  increase  in  the  toxicity  of  these  preparations  was  noted. 

The  increase  in  toxicity  was  somewhat  less  expressed  with  respect 
to  rats. 

The  carbophos  absorbi 1  by  the  tissues  is  eliminated  from  the 
organism  within  a  week.  Certain  organophosphorus  compounds, 
including  carbophos,  are  used  against  parasitic  skin  Idlsease  in 
sheep.  After  a  double  treatment  with  a  Ij  solution  of  the  preparation 
with  weekly  Intervals  of  2  pigs,  3  sheep  and  3  goats  symptoms  of 
Intoxication  were  not  observed.  A  Week  after  the  second  treatment 
the  animals  were  sacrificed.  No  deposits  of  the  preparation  were 
detected  In  the  organs  and  tissues  of  the  pigs;  In  the  tissues  of 
the  other  animals  there  were  small  deposits:  in  the  flesh  of  the 
sheep  there  was  0.1-0.08  mg/kg,  in  the  flesh  of  the  goats  there 
was  0.02-0.05  mg/kg;  In  the  omentum  of  the  sheep  the  amount  of 
preparation  was  0.07-0.41  mg/kg,  and  In  the  omentum  of  the  goats  - 
3.2  mg/kg;  In  the  kidney  fat  of  the  animals  no  deposits  were 
detected  (Roberts  and  Mattson). 
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After  26  treatments  with  a  0.5%  solution  of  carbophos  at 
weekly  Intervals  the  fat  taken  for  cows  a  week  after  the  last 
treatment  did  not  contain  noticeable  amounts  of  the  Insecticide. 

After  treating  dairy  cows  with  0.5-1%  carbophos  there  was  detected 
In  the  milk  5  hours  after  the  treatment  0.08-0. 36  mg/kg  of  the 
Insecticide,  after  2^  hours  -  only  traces,  and  after  7  days  the 
preparation  was  not  detected  at  all. 

Symptoms  of  poisoning  also  were  not  observed  after  dusting 
with  25%  disinfecting  powder  for  a  period  of  14  days.  The 
pharmacological  action  of  carbophos  manifests  Itself  In  the  suppression 
of  cholinesterase  with  explicit  toxic  symptoms  after  the  administration 
of  large  doses.  Dipping  cats  In  a  liquid  containing  0.3%  carbophos 
did  not  harm  them.  A  lethal  outcome  occurred  In  one  case,  when  a 
4-month  old  kitten  was  immersed  in  a  50$  emulsion  of  the  insecticide. 

Laboratory  animals  after  an  administration  of  the  preparation 
manifested  excessive  salivation,  depression  and  tremor.  With  the 
administration  of  lethal  doses  these  symptoms  were  accompanied 
by  coma  and  death.  With  lethal  [sic]  doses  the  symptoms  were 
observed  for  a  brief  period,  and  complete  recovery  ensued  rapidly. 

The  return  of  cholinesterase  to  the  normal  level  requires  considerable 
time  even  after  the  disappearance  of  the  evident  symptoms  of 
poisoning.  When  chickens  and  mice  were  administered  radioactive- 
phosphorus  labled  carbophos  60$  of  the  carbophos  was  excreted  with 
the  feces  within  2-4  days;  75$  within  5-6  days;  97$  of  the  excreted 
radioactivity  was  in  the  form  of  water-soluble  metabolites  -  products 
of  decomposition.  The  maximum  amount  was  less  than  3%  of  the 
swallowed  amount. 

When  working  with  carbophos  the  basic  danger  Is  the  absorption 
of  the  compound  through  the  akin,  therefore  It  Is  obligatory 
that  workers'  hands  be  protected  and,  when  the  work  is  done,  washed 
thoroughly.  The  early  symptoms  of  poisoning  are  headache,  nausea 
and  fatigue;  later  myosls,  vomiting,  diarrhea  and  convulsions  appear. 
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During  prolonged  work  with  It  there  Is  observed  a  decrsase  In 
cholinesterase  by  up  to  which  can  cause  poisoning.  Wolter 
cites  a  case  of  the  poisoning  of  a  35  year  old  housewife,  who  drank 
about  4 30  mt  of  Z%  carbophos  (in  tolune  -f  xylene).  After  3  houjrs 
she  was  admitted  to  a  hospital:  on  the  way  she  lost  consciousness; 
her  pupils  constricted  and  did  not  react  to  light;  poisoning  was 
also  noted  In  the  cardiovascular  and  nervous  systems;  her  leg 
muscles  were  flaccid  and  without  deep  reflexes;  her  breathing  was 
normal;  there  was  vomiting;  the  patient  was  administered  1.2  mg 
of  atropine  subcutaneously  and  0.4  mg  of  atropine  through  a  stomach 
tube.  The  patient  regained  consciousness  3  hours  later.  She  was 
released  from  the  hospital  after  13  days. 

Healy  cites  a  case  of  the  poisoning  of  an  18-month  old  boy, 
who  had  been  kept  for  6  weeks  In  a  yard  which  had  been  treated 
with  carbo^  los.  Besides  the  amount  of  poison  which  had  been 
absorbed  through  the  skin  and  which  had  gotten  In  through  the 
respiratory  tract,  a  certain  amount  of  the  preparation  had  been 
absorbed  by  eating  the  buds  of  plants  which  had  been  subjected 
to  treatment . 

Soon  after  the  beginning  of  the  application  of  carbophos  the 
boy  became  Irritable  and  his  appetite  fell  off.  After  a  week  he 
developed  a  fever.  After  6  weeks  he  had  lost  3  kg  In  v^eight;  he 
developed  polydyspepsia;  he  began  to  drag  his  feet  and  fell  down 
frequently.  Several  days  after  entering  the  hospital  complete 
paralysis  of  the  legs  set  In,  which  then  spread  to  the  trunk  and 
arms.  His  systolic  blood  pressure  Increased  up  to  210  mm  Hg  station. 
The  subcutaneous  administration  of  atropine  every  3  hours  (1.2-2. 4 
mm/day)  was  prescribed;  then  for  a  period  of  several  weeks  he  was 
administered  1.2  mg  of  atropine  per  day  without  exhibiting  any 
side  effects.  The  reaction  manifested  Itself  almost  Immediately, 
and  movement  was  finally  restored. 

The  preparation  Is  excreted  from  the  organism  with  the  urine 
In  the  form  of  products  of  decomposition  mainly  In  the  first  3  days 


after  It  has  gotten  Into  the  organism  ariu  on  the  3rd  day  in  the 
form  of  traces.  Investigations  have  shown  that  the  dally  application 
of  10>(  carbophos  disinfecting  powder  on  the  skin  of  a  man  for  several 
weeks  only  causes  minor  irritation.  Data  of  other  e^uthors  are  also 
available  on  the  toxicity  of  carbophos  to  people. 

The  following  maximum  permissible  concentration  of  the 
preparation  in  food  products  were  established  in  the  United  States: 
in  eggs  and  milk  -  zero  parts  per  million,  in  meta  and  meat  products  - 
^  parts  per  million,  in  fruits  and  vegetables  -  8  parts  per  million, 
in  air  -  15  mg/m^. 


Co~Ral 


Co-Ral  —  C^^H^gClO^PS  —  0,0-diethyl-0-(3-chloro-4-methylumbelli- 
ferome)-thlophosphate. 


o 


>P— o 


-o 


Synonyms:  Bayer  21/199. 

y 

Co-Ral  is  used  in  the  form  of  disinfecting  powders,  emulsions 
and  solutions.  It  is  employed  to  combat  the  ectoparasites  of 
animals.  It  is  also  utilized  to  exterminate  flies,  mosquito  larvae 
and  fleas.  In  a  study  done  on  co-ral  in  the  laboratory  with  a  test 
on  small  wooden  boards,  on  which  1  g/m  was  applied,  complete 
destruction  of  the  Insects  was  observed  for  a  period  of  56  days.  In 
treating  animals  with  a  lit  solution  of  co-ral  at  a  rate  of  2  g/m^ 
with  the  addition  of  3-^.5  g  of  sugar  per  square  a  mortality  rate 
of  88-93!t  is  attained  for  flies;  the  effective  action  lasts  for 
about  a  week.  An  attempt  to  treat  cow  barns  by  a  patch  method. 
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and  not  completely,  v;lth  a  co-ral  emulsion  at  a  race  of  0.5  g/m  did 
not  yield  satisfactory  results. 

I 

In  a  case  of  treating  manure  In  poultry  yards  at  a  rate  of 
1-5  g/m  complete  extermination  of  files  was  observed  for  52  days. 

The  addition  of  synergists  to  the  bait  did  not  Increase  the  ^ 

effectiveness.  As  a  result  of  the  application  of  radioactive  co-ral 
to  the  larvae  of  Anopheles  and  Aedes  mosquitoes  it  was  est^llshed 
that  with  the  presence  of  0.03  mg/i  on  the  substrate  and  with  the 
absorption  by  each  larva  of  0.0033  ug  complete  extermination  of 
all  mosquito  larvae  Is  attained  for  48  hours.  For  combating  fleas 
in  yards  and  Infested  premises  (kennels)  1!^  solutions  are  used  at 
a  rate  of  4  £  on  100  m  .  Under  such  conditions  complete  extermination 

of  the  fleas  was  noted;  the  duration  of  the  effect  was  63  days. 

•  • 

•  J 

In  treating  birds  to  combat  their  ectoparasites  wltjj  0.1-0,251 
co-ral  solutions  (25  mi  per  each  bird)  complete  destruction  of  the 
lice  and  ticks  Is  observed.  Co-ral  Is  also  used  to  exterminate 
ectoparasites  of  animals.  The  basic  method  of  employment  -  the 
treating  of  animals  with  solutions  of  the  preparation.  Under 
laboratory  conditions  the  possibility  of  oral  and  subcutaneous 
administration  of  co-ral  was  studied;  guinea  pigs  were  each  given 
25  mg/kg  In  the  form  of  a  suspension  or  solution,  after  which  bugs 
end  ticks  were  planted  on  them.  The  former  were  completely  exterminated 
but  the  ticks  did  not  die. 

Co-ral  possesses  considerably  systemic  action.  According  to 
Viskery  and  Arthur,  after  co-ral  was  administered  to  rabbits  at 
a  rate  of  50  mg/kg  the  bugs  and  ticks  feeding  on  the  blood  of 
the  rabbits  died.  When  200  mg/kg  was  applied  on  the  skin  the 

I 

ticks  remained  alive,  and  the  bugs  died.  The  highest  percentage 
of  tagged  radioactive  phosphorus  In  the  blood  of  rabbits  and  the 
maximum  systemic  toxicity  to  bugs  were  observed  during  the  first 
day.  When  orally  administered  the  maximum  amount  of  the  preparation 
Ir  the  blood  was  observed  after  an  hour,  and  1  when  cutaneously  applied  - 
after  24-30  hours.  | 
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.This  preparation  Is  also  used  In  combating  warble  files,  for 
which  a  device  exists,  with  which  the  animals  are  rubbed  every  2 
weeks  In  treating  them  with  a  0.25%  oil  solution  of  co>ral.  And 
favorable  results  were  obtained  with  this  method;  the  duration  of 
the  action  tias  approximately  30  days.  Small  sacks  with  disinfecting 
powder  are  also  used;  In  each  of  them  there  Is  poured  0.5  kg  of 
the  preparation,  and  then  they  are  attached  (14  pleceis)  to  a  wire, 
stretched  along  a  narrow  passage  for  the  animals;  a  herd  passing 
along  this  passage  brusjied  against  the  sacks  and  Is' ^self-dusted." 

The  duration  of  the  action  of  such  treatment  can  be  as  much  as 
5  weeks. 

For  spraying  animals  suspension  of  co-ral  are  mainly  used 
at  concentrations  of  0.1-0. 25'-0. 5-lJ.  The  normal  expenditure 
fluctuates  from  2  to  8  i  per  animal.  The  mortality  rate  of  the 
ectop^asltes  can  be  as  much  as  9^-100i(.  Thus,  In  treating  cows 
with  a  IX  suspension  of  co-ral  at  a  rate  of  8  i  per  animal  complete 
extermination  of  tJ^e  ticks  was  obtained,  after  which  the  number 
of  ticks  was  held  at  a  low  level  for  2-3  months.  In  spraying 
animals  a  0,75%  suspension  with  a  nonlonlc  surface-active  substance 
Is  also  used.  Such  a  mixture  Is  applied  on  the  sides  and  backs 
of  animals  at  a  rate  of  4  t  per  animal,  as  a  result  the  destruction 
of  90-99%  of  the  warble  files  (Hypoderma)  was  observed.  In  treating 
sheep  at  a  rate  of  2  l  per  animal  (O.lJt  co-ral)  complete  extermination 
of  the  parasites  was  attained;  the  duration  of  tne  effectiveness 
lasted  6  weeks.  Positive  results  were  also  obtained  when  It  was 
used  In  combating  gadflies. 

^he  same  results  without  deposits  were  obtained  after  bathing 
the  animals  (a  herd)  In  a  suspension  containing  0.25%  of  the  preparation 
^prepared  from  25%  wettable  powder).  The  effectiveness  was  retained 
^or  3  weeks,  but  If  It  rained  within  5  days  the  effectiveness  of 
the  preparation  was  retained  for  not  more  than  7  days.  Hann  and 
others  cite  a  description  of  6  cases  of  calves  dying  after  they 
were  treated  with  a  0.5%  wettable  pow'' . 
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Co~ral  Is  also  used  to  protect  calves  from  warble  flies  and 
lice.  According  to  Drummond,  the  topical  application  and  the 
Intramuscular  administration  of  small  doses  of  co-ral  provide  better 
results  In  controlling  warble  files  than  the  normal  method  of 
application.  ^ 

The  duration  of  the  protection  of  sheep  from  Phormia  reglna 
fly  larvae  (0.5%  suspension,  1.1  l  per  animal)  was  2-3  weeks.  With 
any  method  of  treatment  the  animals  did  not  manifest  toxic  symptoms. 

A  study  of  the  sensitivity  of  house, flies  to  various  Insecticides 
showed  that  under  laboratory  conditions  and  with  selection  the 
resistance  to  cc-ral  by  the  50th  generation  was  90  times  greater 
than  the  normal  resistance.  In  determining  the  itor  a  normal 
strain  of  files  It  was  established  that  for  susceptible  Individuals 
It  v;as  equal  to  0.096  pg  per  fly  (when  the  preparation  was  topically 
applied  on  the  back  of  the  Insect),  while  for  a  resistant  strain 
It  was  0.23  lig. 

A  study  of  the  mechanism  of  the  action  of  co-ral  with  respect 
tc  house  flies  and  warble  flies  of  cattle  showed  that  In  the  Insect 
organism  the  preparation  Is  activated  as  a  result  of  decomposition. 

In  warble  flies  this  Is  connected  with  the  fat  bodies  and  Intestines. 
The  activating  system  Is  less  expressed  In  fly  larvae  than  In  the 
imago.  The  for  flies  Is  l.,5  mg/kg.  When  co-ral  Is  orally 

administered  to  animals  to  combat  warble  flies  It  does  not  yield 
positive  results,  obviously,  because  the  liver  playing  the  basic 
role  In  the  metabolism  of  the  preparation  In  the  anlmalj  organism 
decomposes  the  preparation  before  it  reaches  the  larvae):  when  co-ral 
Is  applle()  on  the  skin  It  Is  effective  and  the  larvae  die  before 
they  get  Into  the  liver. 

The  feeding  of  animals  (for  6  weeks)  with  grain  and  griaas 
dusted  with  co-ral  containing  0.5  mg/kg  causes  the  death  of  Nusca 
autumns lis,  which  bite  animals.  The  lexcrement  of  the  latter  was 
toxic  to  house  flies. 
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The  addition  of  a  synergist  (plperonyl  butoxlde)  In  a  1:5 
ratio  (synergist  co-ral)  Increases  the  toxicity  of  the  preparation 
by  4-6  times  with  respect  to  mice,  but  ln|  connection  with  the 
fact  that  plperonyl  butoxldei  promotes  better  distribution  of  the 
poison  In  the  tissues  of  the  organism,  this  points  to  the  fact 
that  the  syjierglst  blocks  the  metabolites  of  co-ral  and  Increases 
Its  toxicity,  which  was  established  by  using  the  preparation  tagged 
with  radioactive  phosphorus. 


Toxicity.  With  the  oral  administration  to  warm-blooded  animals 
of  10-20  mg/kg  of  the  preparation  for  a  period  of  7  days  approximately 
38J(  of  It  Is  excreted  with  the  urine  and  about  35%  with  the  feces 
(Hopkins).  After  the  oral  administration  to  white  rats  of  20 
mg/kg  of  preparation  tagged  with  radioactive  phosphorus  about  78% 
of  the  dose  was  excreted  with  the  urine  within  24  hours;  th^  prepa¬ 
ration  was  also  detected  in  the  feces,  bile,  lymph  and  bloo(^;  a 
small  amount  was  detected  In  the  bones,  liver  and  kidneys.  [The 
meat  of  pigs  killed  after  b(  Ing  treated  with  a  0.39(  co-ral  emulsion 
<|loes  not  have  an  odor.  The  odor  of  the  meat  from  the  ribs  and  the 
Odor  of  the  kidneys  are  also  not  changed.  However  the  odor  of  the 
liver  of  animals  treated  with  the  preparation  differs  considerably 
from  the  odor  of  the  control  animals. 


In  chickens  the  greatest  deposltloh  rf  the  preparation  was 
noted  In  the  liver,  kidneys  and  eggs.  When  co-ral  Is  applied  to 
the  skin  of  rats,  cows  and  goats  at  a  rate  of  30-4^  mg/kg  It  Is 
detected  In  amounts  of  from  0.2  to  0.5  mg/l  In  the  brain,  gallbladder, 
heart,  lymph  nodes,  spleen,  etc.;  more  than  0.5  mg/i  In  the  ribs, 
mammary ' glands ,  kidneys,  liver,  urinary  bladc^^r  (Krueger).  The 
<'hollnestih‘ase  level  In  cows  decreases  up  to  the  7th  day,  and 
toward  the  end  of  the  2nd  week  returns  to  normal,  whereas  in  goats 
sfich  a  phenomenon  was  not  observed.  O'Brien  showed  tjhat  In  meamals 
the  preparation  Is  mainly  decomposed  In  the  liver.  In  mice,  which 
are  sensitive  to  this  preparation.  Its  disintegration  was  delayed; 

In  animals  rsslstant  to  this  preparation  (bulls  and  rats).  Its 
disintegration  occurs  considerably  faster  than  In  mlc'.  The  LDcn 
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for  an  Intra-abdomlnal  administration  of  this  preparation  for  nice 
is  23.5  ng/kg,  for  rats  when  It  Is  orally  administered  the  LD^g  Is 
^1  mg/kg  for  males  and  15 *5  mg/kg  for  females,  and  when  cutaneously 
applied  -  160  mg/kg. 

The  ability  of  rats  to  decompose  co>ral  Into  water-soluble  ^ 
products  more  rapidly  and  more  completely  than  this  Is  done  by 
Insects  Is,  probably,  an  Important  factor  In  the  selectlv'e/toxlclty 
of  co-ral.  The  calorimetric  method  Is  used  to  determine  the 
amount  of  co-ral  In  animal  tissues. 

Mercaptophos 


Mercaptophos  -  (C2H^0)2*  P0‘SC2HjjSC2H^  -  thiol  Isomer;  a  thione 
Isomer  -  (C2H^O)2PS*OC2H^SC2H^,  diethyl- a-ethj|lmerqaptojethyl 
thlophosphate. 


Synonyms:  vnuran,  systox,  demeton,  E-1059  and  others.  Both 
the  thione  and  also  the  thiol  Isomer  of  diethyl- B-ethylmercaptoethyl 
thlophospha|te  ^re  achromatic  or  slightly  yellowish  liquids  with 
unpleasant  odors.  Tl'ey  are  manufac.  ured  In  the  form  of  a  30% 
concentrate.  It  Is  i,  signed  maln^^v  for  application  as  a  systemic 
acarlcldc  jind  Insecticide  to  destroy  pests  of  agricultural  plants. 

Due  to  Its  high  toxicity  to  warm-blooded  animals  It  Is  not  used 
to  combat  parasites  of  man  or  pests  In  his  dwellings  (S.  A. 
Zhuravtiaya,  N.  I.  Mel’nikov  and  others,  P.  Ye.  Radkevich,  M.  A. 
Tretsenko).  The  lethal  dose  of  the  thione  Isomer  for  rats  when 
orally  administered  Is  7.5  mg/kg,  and  of  the  thiol  Isomer  -  1-2.5 
mg/kg.  Source  materials  describe  a  large  number  of  cases  of  poisoning 
In  man  and  animals  with  this  preparation. 


Metaphos 

Metaphos  -  Cg  ^PSN.  Metaphos  Is  conventionally  called 
0,0-dlmethyl-0-(iJ-nitrophenyl)  thlophosphate,  or  0,0-dlmethyl-0-p- 
nltrophenyl-thlophcsphate.  It  Is  the  methyl  analog  of  thlophos 
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(O,0-dlethyl-0-p-nltrophenylthlophosphate) . 


Synonyms:  ./ofatox,  methylparathlon,  E-605*  dlmethylparathlon, 
methyl  homolog  of  thlophos,  metaclde  (which  is  a  mixture  of  24. 
methylparati.lon,  6.2%  parathlon,  66.6%  emulsifiers  and  others). 

The  technical  preparation  ha.«  the  form  of  an  oily  liquid, 
from  yellow  to  dark-brown  In  color,  a  sharp  odor  similar  to  garlic. 
In  Its  pure  form  metaphos  Is  a  white  crystalline  substance  with 
a  melting  point  of  35-36.5®,  a  boiling  point  of  158®  (at  2  mm 
Hg)i  It  crystallized  at  29®,  Its  density  at  room  temperature  Is 
1.358,  the  Index  of  refraction  Is  1.5515,  the  vapor  pressure  is 
109®  at  0,5  mm  Hg;  Its  volatility  at  20°  is  0.14  mg/m^.  It  Is 
readily  soluble  in  the  halogen  derivatives  of  the  eu?omatic . series 
(dichlorethane ,  carbon  tetrachloride,  chlorobenzene  and  so  forth) 
and  the  auxiliary  substances  OP-7*  OP-10.  It  Is  only  slightly 
corrosive  to  metals.  The  aqueous  suspensions  with  neutral  reaction 
In  storage  are  stable  for  several  days, 
i 

.  Metaphos  Is  compatible  with  arserd.ies,  rotenone,  pyrethrlns, 
nicotine  sulfate.  In  Its  toxicity  and  l,Q8ectlcldal  properties  It 
has  a  close  similarity  to  thlophos  (parkthlon). 

From  metaphos  liquid  concentrates,  wettable  powders  and 
disinfecting  powders  are  prepared.  A  suspension  of  disinfecting 
powders  In  water  preserves  Its  stability  for  several  days.  Metaphos 
in  the  form  of  2.5%  disinfecting  powder  Is  conventionally  called 
wofatox . 

Metaphos  Is  rather  widely  used  abroad  to  combat  pests  of 
agricultural  plants.  According  to  couroe  material,  the  toxicity 
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of  metaphoB  to  certain  InseotB  exceeds  the  toxicity  of  thlophoe; 
thus,  to  weevils  netaphos  (Malbrunot)  Is  10  times  more  toxic  than 
thlophos  (Metcalf).  Honey  bees  and  locusts  are  very  sensitive 
to  this  preparation.  Metaphos  also  possesses  considerably  Insecticidal 
properties  with  respect  to  such  Insects,  as  house  files,  mosquitoes 
and  others. 

In  the  Soviet  Union  metaphos  Is  mainly  used  to  cobibat  pests  of 
agricultural  plants.  The  preparation  Is  especially  effective  In 
combating  aphids,  boll  weevils,  plant  mites,  etc.  The  preparation 
In  the  form  of  disinfecting  powder  (wofatox)  Is  also  employed  In 
combating  harmful  shield  bugs  -  on  wheLt  crops  (30  kg/ha).  V.  A. 
Babenkov  recommends  the  use  of  wofatox  Is  poisoned  bait  form  for 
controlling  these  Insects.  The  preparation  Is  also  successfully 
utilized  to  control  pests  of  vegetable  cultures. 

I 

I 

To  house  flies  metaphos  Is  20  timely  jmore  toxic  than  carbophos. 

With  local  application  an  an  Insect  the  LD^q  of  metaphos  is  1.3  ug/g 
of  flies,  and  of  carbophos  -  27  vg/g.  A.  quadrlmaculatus  larvae 
(Hh  stage)  die  with  the  presence  In  water  of  0.005  mg/i  of 
metaphos.  This  dosage  Is  almost  half  the  dosage  of  dlazlnon 
necessary  for  the  complete  destruction  of  these  larvae.  It  can 
also  be  used  for  the  destruction  of  mosquito  larvae  at  a  rate  of 
120  g  of  technical  preparation  per  hectare. 

t  I 

A  characteristic  peculiarity  metaphos  Is  Its  high  toxicity 
with  respect  to  parasites  of  man  and  pests  In  his  dwellings. 

Minimum  doses  of  the  preparation  causing  complete  destruction  of. 
flies,  mosquitoes,  fleas,  bugs,  cockroaches  and  lice  on  various 

surfaces  are  within  the  limits  of  0.01-0.7  g  of  Insecticide  per 

2 

m  . 

The  effectiveness  of  metaphos  to  a  considerable  degree  depends 

on  the  properties  of  the  treated  surface.  Its  greatest  toxicity 

is  noted  on  glass:  doses  of  0.01-0.03  8  of  active  substance  per 
2  ? 

1  m  provide  the  complete  extermination  of  all  Insects.  To  obtain 
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an  analogous  effect  on  such  surfaces,  wood  and  plywood,  oovtrad  j 
with  oil  base  paint,  and  others.  It  Is  neces8ary><to  Increase  the 
rate  of  expenditure  of  the  preparation  by  5-30  times.  The  greatest 
amount  of  metaphos  aqueous  suspension  Is  required  for  application 
on  porous  and  plastered  surfaces;  the  rate  of  expenditure  of  the  ' 
preparation,  causing  complete  destruction  of  the  Insects,  In  this  I 
ease  must  be  Increased  by  20-60  times  as  compared  to  the  rate  of  ^ 
expenditure  on  glass.  i 
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The  residual  effect  of  metaphos  (when  treating  at  a  rate  of 
2 

C.5  g/m  of  active  substance)  is  retained  for  more  than  3  weeks. 
After  15  minutes  of  exposure  body  are  completely  exterminated  on 
fabric  Impregnated  In  a  0.085)(  solution.  When  a  0.0017)(  solution 
Is  used  to  Impregnate  fabric  of  the  lice  die. 

i 
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Metaphos  possesses  low  ovlcldal  properties.  The  Immersion  jof 
pieces  of  fabric  with  lice  eggs  In  a  0.11  aqueous  suspension  of  the 
preparation  for  5  minutes  causes  the  death  of  301  of  the  eggs; 
Increasing  the  concentration  of  the  preparation  to  0.51  Increases 
the  mortality  rate  of  the  eggs  to  401. 


House  fly  larvae  have  been  found  to  be  very  sensitive  to 
metaphos.  When  It  Is  added  to  a  substfi^te  at  a  dose  rate  of  7.5 
mg/kg  (wheat  middlings  with  a  moisture  conitent  of  661)  thlrd-lnstar 
larvae  were  completely  wiped  out  afterU^  hours;  as  a  result  of 
the  application  of  a  dose  of  2.5  mg/kg  the  same  mortality  rate 
was  provided  after  96  hours  (Bordas  and  others). 


According  to  S.  F.  Suz'ko,  metaphos  possesses  significant 
acarlcldal  properties.  It  has  been  demonstrated  that  a  0.051 
emulsion,  a  0.0751  suspension  and  2.5](  disinfecting  powder  possesr. 
well-defined  contact  acarlcldal  properties  with  respect  to  Ix. 
rlolnus  In  the  Imaglnal  stage.  The  mortality  rate  of  mltesTgnd 
ticks  depends  on  the  degree  of  their  saturation.  Five  days  after  an 
application  of  metaphos  grass,  according  to  certain  authors,  was 
not  toxic  to  large  animals. 
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In  comparing  the  Insecticidal  properties  of  metaphos  and 

chlorophos  It  Is  noted  that  the  activity  of  metaphos  with  respect 

to  insects  exceeds  the  toxicity  of  chlorophos  by  2-10  times  depending 

upon  the  species  of  Insects.  An  advantage  of  metaphos  as  cohered 

to  chlorophos  Is  high  effectiveness  of  Its  aqueous  suspensions  on 

porous  (absorbent)  surfaces  (wood,  wallpaper,  plastering),  on  which 

chlorophos  In  an  analogous  form  provides  the  complete  destruction 

of  Insects  with  doses  4-6  times  higher  than  metaphos.  Metaphos 

2 

is  employed  to  combat  bugs  at  a  rate  of  3  g/m  . 

Metaphos  Is  recommended  for  exterminating  Insects  In  granaries. 
Before  carrying  out  the  extermination  process  necessary  repair 
work  and  thorough  cleaning  of  the  granaries  should  be  conducted 
and  also  the  adjacent  territory  should  be  rid  of  the  rubbish,  dust, 
straw,  and  remnants  of  grain  and  forage.  For  a  distance  of  2-3 
m  around  the  storehouse  the  grass  should  be  removed. 

The  cleaning  of  the  storehouse  is  one  of  the  main  preparatory 
operations  for  the  successful  application  of  the  Insecticide. 
PurtherViore,  the  sub-floor  space  should  be  cleaned  of  spilled  grain, 
after  which  the  sub-floor  space  Is  covered  with  2  cm  of  freshly 
slaked  lime  or  dusted  with  metaphos  disinfecting  powder  DDT  or 
hexachlorane  at  a  rate  of  50-100  g  of  disinfecting  powder  per  m^. 

The  extermination  of  insects  In  empty  granaries  with  an  emulsion 
or  suspension  of  metaphos  la  carried  out  2-4  weeks  before  they  are 
refilled. 

When  using  an  emulsion  the  concentrate  of  the  latter  is  diluted 
to  0.i;(  (100  g  of  20%  concentrate  per  100  t  of  water).  In  preparing 
large  qMantitles  of  metaphos  emulsion  100  g  of  the  concentrate 
are  first  well  mixed  with  3-5  i  of  water;  lacking  the  emulsion 
concentrate  disinfestation  Is  carried  out  with  a  3%  metaphos 
suspension  (3  kg  of  2.5^  disinfecting  powder  per  97  t  of  water). 
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The  worklngr  liquid  at  a  rate  of  0.1-0. 5  i/n  la  used  to 
thoroughly  treat  the  surfaces  of  shelves^  potfts»  floor,  etc.»/at 
such  ar:  expenditure  so  that  puddles  will  not^^rform  on  the  /locr.  > 

The  exterior  walls  air|e  also  sprayed  (especli^lly  near  the  dooi*|B  Il|h1 
windows).  In  the  course  of  the^ spraying  operation  the  windo|W 
and  doors  are  kept  open.  After  completing  the  spraying  the  jdoors 
and  windows  are  closed  for  24  hours;  they  az^  then  opened  again 
and  the  premises  are  dried  out  for  3  days. 

I 

In  extf^rmlnating  Insects  in  a  granary  it  is  possible  to  use 
1.5%  metaphos  disinfecting  powder  at  a  rate  of  15-20  g  on  m  of 
floor  or  5  g  per  ra^  of  space. 

After  completing  the  extermination  process  the  premlsei 
again  picked  up  or  tidied  up  and  the  rubbish  and  rentimnts  o: 
and  forage  are  burned  or  buried  in  the  ground  at  a  depth  of 
less  than  1  m. 

t  • 

In  order  to  neutralize  the  metaphos  it  is  desirable  to  white¬ 
wash  the  storehouse,  to  accomplish  this  the  walls  and  icelllng  are 
sprayed  with  a  15%  solution  of  lime,  after  which  the  storehoiise  is 
allowed  to  dry.  ’ 

,  \ 

.  Before  filling  with  grain  the  floUi^s  are  cleanedt  of  lime  and 
are  washed  with  a  solution  of  soda  ash  ,(200  g  of  soda  ash  p(br  bucket 
of  water)  or  ash  lye.  ' 

Disinfestation  and  whitewashing  are  carried  out  with  a  [’’DUK"] 
("jOC/Kl”)  disinfect lonal  device  which  Is- utilized  in  veterinary 
practices  or  garden  sprajsers  ([OPM-A]  (jOp^A  ),  [OSSH-153  (IQ®-.15  ) 
and  others)  or  with  a  barrel \  plunger  [OPB]  (|0IS|)  (the  former 
"Phmona")  or  a  knapsack  [ORP]  >(<Pni')  (the  former  "Automaks").  After 
using  the  apparatuses  and  hoses  are  washed  well  with  water  and 
dried. 


are 

'  grain 
not 


The  dusting  of  storehouses  is  carried  out  with  the  help  of 
tractor  or  motor  vehicle  dusters  or  sprayers  on  motorcycles  or  y 


motorscooters. 


Technical  metaphos  Is  highly  toxic  to  warm-blooded  animals. 


As  compared  to  chlorophos  metaphos  Is  5-10  times  more  toxic 
to  mlcei  for  rats  the  difference  In  toxicity  Is  even  greater  — 
metaphos  is  10-30  times  more  toxic  than  chlorophos.  With  respect 
to  rabbits  the  toxicity  of  metaphos  Is  equal  to  tha.  toxicity  of 
chlorophos  (N.  A.  Sazonova,  V.  I..  Kurchatov,  P.  A.  Petunln). 

e 

N.  M.  Rusln,  G.  P.  Andronova  and  0.  I.  Vasll'yev  conducting 
a  hygienic  appraisal  cff  food  crops  treated  with  metaphos  (technical) 
showed  that  It  Is  highly  toxic  to  animals.  A  dose  of  5  ijig/kg, 
when  introduced  J^nto  the  stomach,  caused  disturbance  of  Conditioned 
reflex  activity  In  rats  for  1-3  days  of  the  experiment.  Metaphos 
does  not  have  cumulative  properties  when  introduced  Into  the  stomach. 

As  compared  to  thlophos  metaphos  Is  approximately  2  times 
less  toxic .  When  the  respiratory  organs  and  the  eyes  are  protected 
it  does  not  present  any  great  danger  to  people  working  with  It 
(M.  K.  Vinokurova). 

In  a  study  by  A.  P.  Volkava  of  the  toxicity  of  wo fat ox 
disinfecting  powder  on  white  mice  It'  was  established  that  a 
suspension  prepared  only  from  the  disinfecting  powder  Is  less  toxic 
upon  getting  Into  the  stomach  than  a  solution  of  the  preparation 
In  water.  Thus,  when  10-20S  disinfecting  powder  suspension  Is 
administered  Immediately  after  Its  preparation  the  for  mice 

Is  200  mg/kg,  and  the  Is  135  mg/kg  (by  active  substance). 

The  Introduction  of  a  more  liquid  (12-8)()  suspension  of  wofatox 
30-60  minutes  after  Its  preparation  causes  a  very  great  toxic 
effect  -  LDj^qq  Is  equal  to  75  mg/kg,  and  LD^q  -  50  mg/kg  of  weight i 
the  latter  depends,  apparently,  on  the  rate  of  desorption  of  the 
preparation  from  the  disinfecting  powder  In  the  water  and  gastric  _ 
Juices. 
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The  clinical  picture  of  the  poisoning  with  the  introduction  of  1 
the  preparation  into  the  stomach  Is  the  following:  after  15~30  | 

minutes  motor  coordination  Is  disturbed,  trenor  develops  which  has  i 
an  Intermittent  character;  each  attack  of  clonlc-tonlc  spasms 
lasts  30-40  seconds  alternating  with  a  period  of  relative  calm. 
Gradually  complete  atonla  develops.  Breathlj^g  Is  heavy  the  whole 
time.  Death  ensues  15-60  minutes  after  the  Introduction  of  the 
preparation,  but  It  can  also  come  1-2  days  later. 

The  effect  of  Inhaling  2.5?  wofatox  disinfecting  powder  was 
studied  In  toxicological  chambers  with  the  static  positioning  of 
the  animals.  A.  P.  Volkova  established  that  a  single  dusting  with 

2.5?  disinfecting  powder  at  a  rate  of  500  mg  of  active  substance 

2  2 
per  m  (20  g  of  disinfecting  powder  per  m  )  was  nontoxic  to  white 

mice  and  rats.  With  repeated  dusting  using  the  same  amount  of 

disinfecting  powder  daily  at  a  rate  of  4  times  per  day  (for  3 

hours  of  the  experiment)  the  animals  developed  toxic  symptoms 

very  similar  to  the  symptoms  of  poisoning,  which  appear  with  the 

Introduction  of  the  preparation  into  the  stomach. 

The  first  symptoms  of  poisoning  -  depression,  disturbance  of 
motor  coordination  -  appear  after  2  days  of  the  experiment  (8 
dustings)  Intensify  In  proportion  to.  the  duration  of  the  experiment, 
causing  the  death  of  70?  of  the  mice  ahd  100?  of  the  rats  after 

4  day  experimentation.  Death  comes  to  the  animals  slowly,  sometimes 

{ 

1-2  days  after  the  discontinuance  of  tlie  experiment.  When  autopsies 
were  performed  on  the  animals  stagnant  plethora  and  pulmoneu^y  edema 
were  noted. 

Thus,  It  Is  obvious  that  wofatox  disinfecting  powder  Is  toxic 
when  acting  on  the  respiratory  tract  and  that  It  possesses  expressed 
cumulative  properties  when  It  Is  Inhaled  at  Its  working  concentrm^on. 

% - 

When  wofatox  disinfecting  powder  got  on  the  exposed  skin  of  .7  ~ 
mice  during  the  course  of  dusting  a  local,  Irritating  effect  of-'  % 
the  preparation  was  observed  -  dermatitis  developed.  SlmultaneousTy 


Irritation  of  the  mucous  membrane  of  the  eyes  was  observed. 
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According  to  M.  K.  Vinokurova,  when  2.5!(  wofatox  disinfecting 
powder  was  applied  to  the  skin  of  rabbits  at  a  rate  of  4  mg/kg 
for  2  hours  daily  during  a  period  of  2  months  no  effect  was  noted 
on  body  weight,  temperature  or  number  of  formed  elements  In  the 
blood,  the  amount  of  hemoglobin  decreased  by  up  to  13%  and  the 
activity  cholinesterase  was  suppressed  by  43. 6-50. 6J.  Seventeen-^rtVy 
days  after  cessation  of  the  application  of  disinfecting  powder  a 
gradual  Increase  In  cholinesterase  activity  occurred. 

Consequently,  when  dusting  with  wofatox  disinfecting  powder 
It  Is  necessary  to  strictly  observe  measures  of  personal  safety, 
protecting  oneself  from  the  preparation  getting  Into  the  eyes, 
onto  the  skin  or  Into  the  respiratory  tracts  (by  using  protective 
spectacles,  gloves,  a  respirator  or  cotton-gauze  dressing  on  the 
nose  and  mouth). 

Bordas,  Kanyo,  Nagy  note  that  In  the  dusting  fields  Its 
concentration  In  the  air  reached  0.75-1.35  mg/m^  in  the  plroxlmlty 
of  the  worker.  After  working  for  one  work  week  (48  hours)  the 
workers  were  not  observed  to  be  Intoxicated  nor  was  suppression 

I 

of  pseudochoilnesterase  activity  In  the  blood  serum  observed. 

Dusting  was  carried  out  using  protective  cp^othes,  gloves  and  gasmasks. 

R.  Grlgor'yev,  describing  the  manufacture  and  packing  of 
wofatox  disinfecting  powder,  reports  on  workers*  complaints; 
examination  showed  that  In  winter  ini  18  (38.3?)  of  47  persons,  and 
in  summer  In  29  (82.9?)  of  35  workers  the  following  symptoms  were 
observed:  loss  of  appetite,  stomach  pains,  disturbance  of  vision 
and  sleep,  fatigue,  nervousness  and  headaches.  These  symptoms 
were  mild  In  winter  and  considerably  stronger  In  summer.  It  was 
established  that  In  summer  cholinesterase  activity  decreased; 

In  27  of  29  persons  Its  variation  fluctuated  from  11  to  66.4$. 

It  Is  necessary  to  note  that  technical  metaphos  Is  considerably 
more  toxic  than  the  pure  preparation.  Of  all  the  possible  ways  In 
which  the  Insecticide  can  get  Into  the  organism  of  warm-blooded 
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animals  (mouth,  skin,  respiratory  tract  and  others)  the  most 
dangerous  Is  entrance  through  the  eyes«  In  Its  pure  form  the 
preparation  has  almost  no  effect  as  a  cholinesterase  Inhibitor; 

In  the  animal  organism  It  Is  converted  Into  a  substance  suppressing 
cholinesterase. 


Methylacetophos 

Methylacetophos  -  0,0-dlmethylcarbotoxymethylthlophosphate  - 
(CK20)2POSCH2COO  an  analog  of  acetophos.  Is  obtained  by 

the  same  methods  as  acetophos.  In  Its  external  appearance  It  Is 
very  similar  to  the  latter,  but  it  differs  from  it  in  its  more 
pungent  odor.  It  Is  readily  soluble  In  water.  It  is  soluble  In 
benzene,  cholorbenzene,  acetone  and  other  organic  solvents.  The 
specific  gravity  of  methylacetophos  (at  ^<-20®)  -  1.25;  its  index 
of  refraction  (at  20®)  -  1.475;  its  boiling  point  is  116-124® 
at  0.35  mm  Hg.  The  technical  product  contains  80!^  methylacetophos 
and  20S  admixture  not  possessing  insecticidal  properties. 

The  preparation  can  be  used  for  the  same  Insects,  as  acetophos. 
In  its  Insecticidal  properties  It  Is  only  slightly  inferior  to  the 
latter.  It  is  only  slightly  toxic  to  warm-blooded  animals  when 
Introduced  through  the  mouth;  the  for  white  mice  is  250  mg/kg. 

Methy Ini trophos 

Methylnltrophos  -  0,D-dlmethyl-0-(3-methyl-4-nltrophenyl)- 

thlophosphate 

J 


Synonyms:  preparation  5660,  sumithlon  and  [MNP]  (ICHO). 

This  product  was  synthesized  by  the  Scientific-Research  Institute 


of  Fertilizers  and  llnsectofungicides  in  1962.  The  pure  preparation 
is  a  light-yellow  colored  liquid;  its  boiling  point  is  140-147° 

(0.15  nun  Hg).  Its  specific  gravity  is  1.5475  and  index  of  refraction 
at  20^  is  1.538>  It  is  insoluble  in  water.  |The  MNP  is  obtained  from 
a  mixture  of  nitrocresol  Isomers. 

The  technical  preparation  is  a  thick*  dark-brown  colored, 

oily  liquid  with  an  indistinct  odor.  Industry  manufactures  a 
.  / 

25-301  concentrate;  the  concentrate  Is  readily  emulsified  with 

water  by  OP-7,  forming  a  stable  emulsion.  The  preparation  possesses 

high  insecticidal  properties  both  for  pests  of  agricultural  plants, 

and  also  for  carriers  of  infectious  diseases:  fleas,  lice,  house 

flies  and  others  (V.  P.  Dremova,  V.  I.  Zakolodklna).  The  sensitivity 

of  Insects  to  the  preparation  depends  on  the  species;  theiLD^Q 

for  female  body  lice  and  house  flies  is  0.055-0.050  ug  per  individual 

(for  lice  20  ug/g;  for  flies  2.75  ug/g  of  Insects);  the 

for  common  female  cockroaches  is  1.15  ug  per  individual  (18  pg/g). 

Bugs  are  highly  sensitive  to  MNP  (Table  11,  12). 


Table  11.  Minimum  amount  of  methylnltrophos 
providing  extermination  of  insectf  after 
contact. 
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The  minimum  dosage  providing  complete  extermination  of  files, 

mosquitoes  and  bugs  on  wooden  surfaces  (painted  and  not  painted)  — 

2  2  P 

0.5-1^  g/m  ;  for  cockroaches  -  2-3  g/m  ;  for  fleas  -  0.1-0. 3  g/m*.  ' 
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Table  12.  LD^q  with  respect  to  flies  and  bi^s; 


mlnlfflun  dosages  of  Mff ,  ohlorophos,  trlohloro- 
metaphos>3*  causing  extermination  of  Insects 
after  contact. 
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When  usejd  under  practical  conditions  It  Is  recommended  that 

iqo  ml  of  2%  emulsion  be  applied  per  m  of  treated  area.  The 

minimum  dosage  of  preparation  on  coarse  calico,  providing  complete 

destruction  of  lice  after  30  minutes  of  contact,  Is  1-1.5  g  of 

2 

active  substance  per  m  of  coarse  calico. 


The  Insecticidal  properties  of  MNP  for  flies,  bugs,  cockroaches, 
fleas,  and  lice  are  higher  than  the  Insecticidal  properties  of 
ohlorophos.  The  duration  of  MNP  effect  under  laboratory  conditions 
on  glass  Is  25-30  days,  on  wood  It  Is  15-18  days. 


Ml 

The  MNP  possesses  considerable  ovlcldal.  and  .larvlcldal 


properties  (Table  13). 


Table  13.  Concentration  of  MNP  In 
percents,  causing  destruction  off 
fly  and  bug  eggs. 
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The  IiD^qq  of  fly  eggs  Is  observed  upon  their  submersion  In 
0.05-0.1J»  emulsion  for  30  minutes,  and  when  the  ovlpositffons  are 
sprayed  with  0.3JJ  emulsion  at  a  rate  of  0.5-1  *  with  the  addition 
of  MNP  at  'a  rate  of  15-20  mg/kg  of  substrate  while  mixing  complete 
exterminsitlon  of  third  Instar  fly  larvae  Is  provided  within  2% 
hours.  In  treating  the  substrate  without  mixing  complete  destruction 
of  the  larvae  Is  provided  with  1-2  A  of  0.2-0.3?  emulsion  per^m^. 

After  treating  the  substrate  (sand)  85-95J5  of  the  fly  pupae 
die.  Thus,  MNP  acts  on  flies  In  all  stages  of  their  development. 

Bug  eggs  are  completely  exterminated  2^  hours  lafter  spraying  the 
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surfaces  with  0.2  A/m  of  0.1){  emulsion. 


The  fumigatlonal  properties  of  MNP  are  not  too  great;  It  Is 
inferior  to  chlorophos  In  Its  fumigatlonal  properties. 


The  MNP  Is  only  slightly  toxic  to  warm-blooded  animals.  According 
to  N.  A.  Sazonova  and  the  Kiev  Scientific-Research  Institute 'of 
occupational  illnesses,  the  LD^q  of  MNP  for  white  mice,  when' 
orally  administered.  Is  ^70-1000  mg/kg.  It  Is  highly  toxic  In  the 
aerosol  state.  The  toxicity  of  the  preparation  to  a  considerable 
degree  depends  on  the  purity  of  the  preparation.  The  pure  preparation 
Is  less  toxic  than  the  nonreflned  preparation. 


Octamethyl 


Ocetamethyl  -  octamthyl  pyrophosphoramlde  -  C0H2j,N^O2P2* 


Niiou. 


Synonyms:  schradan,  pestox-III,  [OKPA]  (  OMIIA}.  The  molecular 
weight  is  286.26.  Pure  octmethyltetramlde  of  pyrophosphorlc 


O 


217 


acid  -  a  transparent  liquid  with  a  mild  odor  and  light-yellow  ' 

color.  Its  boiling  point  is  135-136®  at  1.5  mm  Hg.  Its  specific 
gravity  1.1^0.  It  dissolves  In  water  In  any  proportions.  The 
preparation  acid  and  alkali  resistant;  It  retains  Its  properties 
In  aqueous  solutions  for  a  long  time.  It  possesses  Insecticidal 
and  acarlcldal  action.  The  technical  preparation  contains  about 
,65^  octamethyltetramlde  of  pyrophosphorlc  acid  and  several  other 
compounds,  the  Insecticidal  effectiveness  of  which  Is  low. 

Octamethyl  js  used  In  agriculture  to  combat  pests  of  agricultural 
crops  by  spij-aylng.  The  preparation  In  toxic  amounts  (for  certain 
pests)  peneirates  Into  the  plants  through  the  roots,  bark  and  leaves 
and  Is  carried  by  the  vessels  throughout  the  plant  bodies,  therefore 
octamethyl  'Is  called  a  systemic  Insecticide.  The  duration  of  Its 
protection  Is  3-6  weeks.  It  is  not  used  In  sanitary  practice 
because  of  Its  high  toxicity  for  man  and  animals.  Attempts  hE(ve 
been  made  to  use  It  to  combat  field  rodents  by  dusting  the  vegetation, 
which  they  eat.  A  single  lethal  dose  causing  the  death  of 
experimental  animals  Is  5-20  mg/kg. 


Pyrazlnon 

Pyrazlnon  —  Cj^2^21^2®3^^  ”  0,0-dlethyi-0-(2-n-prophyl-4- 
methyl-pyrlmldlnyl-6)-thlophosphate 


Pyrazlnon  -  technical  product  (about  90J(  pure  preparation); 

It  Is  liquid  with  a  pale-  to  dark-brown  In  color;  It  Is  relatively 
Insoluble  In  water;  It  Is  readily  soluble  In  petroleum  solvents, 
alcohol,  xylene  and  acetone.  Pyrazlnon  has  a  close  relatlonshlj^ 
to  diazlnon;  possessing  the  normal  prophyl  group  Instead  of  the 
Isopropyl  group. 
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It  l8  effective  in  combating  files,  In  particular  In  treating 
livestock  barns.  In  such  cases  the  walls,  ceilings  and  partitions 
are  sprayed;  manuredeposltorles  and  sheds  located  close  to  the 
, animal  barns'  and  also  the  entrance  doors  are  treated.  The  preparation 
Is  sprayed  with  a  mechanical  sprayer,  haring  an  ordinary  garden 
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nozzle.  The  expenditure  rate  for  the  preparation  (200-250  mt/m 
of  0.5J(  solution)  depends  on  the  structure  of  the  materiel.  Surfaces 
are  covered  with  the  preparation  up  to  the  ptplnt  of  "runoff.” 

Available  data  show  that  pyrazlnon  Is  not  less  effective  In  combating 
flies  than  dlazlnon  -  It  Is  12  times  more  effective  than  pyrethrln 
preparations.  The  same  conclusion  was  arrived  at  by  a  number  of 
authors,  who  studied  this  preparation. 


Rogor 


Rogor  -  “  9»0-<ii®ethyl-S-(N-methylcarbamoll)- 

methyldlthiophosphate  or  0,0-dlmethyl-N-methylcarbamldeffiethyldlthlo- 
phosphate. 

O 

Synonyms:  dlmethoate,  phosphomlde,  dlthlo,  American  cyanamlde 
12980,  phosthion  MM  and  others.  ^ 

It  consists  of  white  crystals,  with  the  odor  of  mercaptan. 

The  melting  point  Is  49-50®.  Its  specific  gravity  Is  I.O69.  The 
preparation  is  relatively  stable  In  neutral  and  slightly  acid 
media;  It  Is  soluble  In  water  up  to  The  Index  of  refraction 
at  50®  la  1.5373.  Vapor  pressure  at  25®  Is  0.025  mm  Hg,  at  35® 

.It  Is  0.086  mm  Kg,  at  45®  It  Is  0.300  mm  Hg.  The  technical  product 
contains  94-963(  rogor.  Its  melting  point  Is  43.5-45.8.  The 
Ignition  point  1,^  130-132®. 

O 
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Rogor  Is  reconunended  in  England  and  Italy  to  combat  a  number 
of  pests  of  grain*  vegetable*  technical  and  fruit  cultures*  and 
also  of  olive  trees  and  vineyards.  It  is  manufactured  industrially 
in  the  form  of  a  40|^  emulsion  concentrate  with  a  yellow  color  and 
moderately  unpleasant  odor.  Under  laboratory  conditions  17  derivatives 
of  rogor  have  been  obtained.  In  the  USSR  rogor  was  synthesized  in 
the  Scientific  Research  Institute  of  Fertilizers  and  Insectpfunglcldes. 

The  most  effective  rogor  preparations  with  respect  to  house 
flies  have  turned  out  to  be  the  rogor  derivatives  from  the  dimethoxy- 
groups;  their  activity  was  higher  than  the  dlethoxy-compounds .  It 
has  been  established  that  in  proportion  to  the  Increase  in  the 
number  of  carbon  atoms  in  the  carbamide  chain  the  toxicity  of  the 
preparations  to  films  decreased.  Monoalky 1-substltuted  amides 
turned  out  to  be  more  effective  tlian  dlalkyl-substltuted  amides. 

Rogor  Is  a  contact  and  systemic  Insecticide  and  an  acariclde. 

It  is  also  employed  to  combat  flies*  mosquitoes*  cockroaches* 
ectoparasites  of  birds*  animal*^*  etc. 

It  has  been  established  that  when  the  preparation  is  injected 
into  a  fly  the  LD^q  Is  equal  to  0.^3  MS*  and  when  topically  applied 
to  the  Insect  body  -  1  wg/g.  Dorough  and  Arthur  established  that 
when  it  is  applied  to  the  body  of  a  fly 'the  LD^^-  is  1.3  mg/kg. 

For  L.  cuprlna  flies  the  was  0.027  ng  per  insect.  According 
to  V.  P.  Dremova*  when  rogor  was  topically  applied  to  female  house 
flies  of  an  insect  culture  it  killed  50%  of  the  Insects  at 

a  dose  of  0.008  pg  per  Insect  or  0.036  wg/g;  for  female  bed  bugs 
these  Indies^  were  0.011  wg  per  individual,  or  1.3  wg/g.  The 
experiments  were  carried  out  at  a  temperature  of  20-22°.  For 
i^squltoes  the  LO^q  equalled  6  mg/kg  when  they  fed  on  treated  lambs 
and. calves. 

Rogor  is  also  used  to  combat  the  warble  fly. 

Larvae  of  Anopheles  and  Aedes  mosquitoes  die  in  the  presence 
of  2.77-7.8  mg/i  of  the  preparation.  It  was  established  that  the 


larvae  during  this  time  absorb  O.OO^H  and  0.008?  Mg  respectively, 
their  mortality  rate  was  56-6?!.  Rogor  can  also  be  used  in  preparing 
poisoned  baits  for  flies. 

Under  laboratory  conditions  V.  P.  Dremcva  established  that 
manufactured  phosphamidized  insecticidal  flyjpaper  is  highly 
effective  in  combating  flies.  The  authors  prepared  the  fly|paper 
in  the  following  manner:  cardboard  sheets  were  treated  for  24 
hours  in  an  aqueous  solution  (0.003-0. IS)  of  the  preparation  with' 
the  addition  of  3S  sugar.  In  treating  100  g  of  cardboard  220  ml 
of  the  solution  were  used.  This  paper  was  just  as  effective  as 
chlorophos  paper  prepared  in  an  analogous  manner.  Its  lattractant 
properties  were  inferior  to  chlorophos  paper.  It  retained  its 
insecticidal  properties  for  15-20  days,  if  after  each  time  it  dried 
out  it  was  again  moistened  with  water. 

Rogor  is  effective  as  an  intestinal  poison  in  combating 
cockroaches.  Baits  made  from  rye  grain  consisting  1  g  per  20-30 
mg  of  rogor,  are  effective  in  exterminating  cockroaches.  ! 

According  to  V.  I.  Vashkov,  V.  0.  Dremova  and  Ye.  V.  Shnayder 

when  Insects  come  into  contact  with  glass  treated  at  a  rate  of 
2 

0.03-0.1  g/m  they  are  all  killed.  However,  rogor  is  ineffective 

when  it  is  applied  to  such  absorbent  surfaces,  as  wood,  plywood, 

plaster,  plywood  painted  with  oil  base  paint,  wallpaper  and  others. 

Complete  destruction  of  flies  was  obsez’ved  when  2.5  g  of  preparation 
2 

is  applied  per  m  of  the  indicated  surfaces.  For  other  Insects 
(bugs,  fleas,  mosquitoes)  the  treating  of  absorbent  surfaces  with 
dosages  higher  than  4  g/m  was  effective.  The  preparation  is 
ineffective  when  it  is  used  as  a  contact  insecticide  to  exterminate 
cockroaches.  Thus,  upon  coming  in  contact  with  plywood  treated 
at  a  rate  of  2  g/m^  lOOJ  of  the  flies  died,  77-66%  of  the  bugs, 
mosquitoes,  and  fleas,  but  only  30!(  of  the  cockroaches. 

Plaster  treated  with  2.5  g/m  of  the  preparation  provided 
complete  destruction  of  the  flies,  cockroaches  and  extermination  |of 
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75?  of  the  bugs.  Cwt^lete  destruction  of  lice  was  observed  after 
15  minutes  of  contact  with  coarse  calico  treated  with  1?  rogo^ 
solution  and  after  30  minutes  of  contact  with  coarse  calico  treated 
with  0.5?  rogor  solution.  One— hour's  contact  provided  complete 
extermination  of  lice  on  coarse  calico,  treated  with  0.125  g/m^. 


The  preparation  possesses  high  larvlcldal  jpTOpertleSj.  A 

dosage  of  3  mg  per  g  of  substrate  provides  complete  extermination 

of  thlrd-lnstar  fly  larvae  after  their  stay  in  the  treated  aili|bstrate 

for  48  ijioura.  In  a  substrate  treated  with  3  mg/kg  of  preparation 

after  48  hours  40?  of  the  larvae  died,  after  96  hours  -  95?  of 

the  larvae;  only  3*5?  pupatedj.  Larvae  added  to  middlings  5  days 

after  treatment  at  a  rate  of  8  mg/kg  died  within  48  hours  softer 

being  pf anted  there.  The  hatching  rate  of  flies  from  pupaej  located 

In  a  pilantj  treated  with  a  1?  aqueous  solution  of  rogor  wlas  10? 

with  a  0.25  t/m  rate  of  expenditure  of  the  solution  and  1?  with 

2 

an  expenditure  rate  of  0.5-1  i/m  .  Rogor  possesses  considerable 
fumlgatlonal  properties.  Filter  paper  treated  at  a  rate  of  2  g 
of  preparation  per  m  retained  its  fumlgatlonal  properties  30L_ 
days.  After  treating  cowbarns  with  2?  rogor  (water  emulsl^  ^ 
until  drops  ran  and  analyzing  milk  samples  the  content  of 
preparation  was  determined  as  being  within  the  limits  cf 
parts  per  million.  ,  , 
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The  effect  of  technical  emulslfl^^i rogor  at  a  ctoncentfm|10n 
of  30  parts  per  million  parts  of  water,  given  to  brood-hens  for 
5  weeks :  was  studied.  The  dally  expenditure  of  the  {^reparation 
reached  0.1  g  of  the  technical  and  0.0092  g  of  ti^  emulsified 
preparation.  As  a  result  of  such  an  application  of  rogor  high 
effectiveness  was  observed  with  respect  to  the  larvae  of  house 
flies,  small  house  flies,  C^ysomyla  megacephala  and  paraf^reophaga 
arglrostoma  breeding  In  the  excrement  of  the  birds.  The  activity 
of  plasma  cholinesterase  was  rapidly  suppressed  and  just  as  rapidly 
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restored  after  cessation  of  the  administration  of  rogor.  A  decrease 
In  weight  gain  and  In  food  consumption  was  noted;  however  egg 
laying  remained  normal twlhen  the  technical  preparation  was  used, 
and  when  the  emulsified  preparation  was  used  an  Increase  In  egg 
laying  was  even  observed  compared  to  the  control  birds.  The 
treatment  did  not  affect  the  thickness  of  the  shell  or  the  weight 
of  the  eggs  and  considerably  Improved  the  quality  of  the  eggs.  No 
strange  odor,  nor  strange  taste,  nor  color  was  noted  In  the  eggs. 

Of  the  contemporary  systemic  Insecticides  rogor  Is  of  greatest 
Interest.  The  available  data  provide  the  basis  to  assume  that  the 
preparation  penetrates  into  seedlings  In  larger  quantities  than 
[HCCH]  (rxml)  and  heptachlor;  it  Is  evenly  distributed  In  the  plants 
in  proportion  to  their  growth,  and  then  within  a  period  not  exceeding 
2  weeks  It  is  completely  decomposed.  These  qualities  make  Its  use 
possible  for  presowlng  treatment  of  seeds  and  also  to  treat  vegetable 
cultures  with  a  short  period  of  vegetation,  for  example,  radishes. 
However,  the  duration  of  the  toxic  action  of  rogor  and  hexachlorane 
Is  not  shorter  than  that  of  heptachlor.  Rogor  reduces  the 
germinabllity  of  barley  (V.  P.  Vasil ’yev.  Ye.  N.  Kitltsln). 

It  Is  noted  that  rogor  Is  effective  In  granular  form  with 
respect  to  a  large  number  of  plant  pests  when  used  at  12,  24,  and 
48  kg/ha.  The  mortality  rate  approaches  97-lOOJt.  Rogor  Is 
ineffective  as  a  systemic  Insecticide  In  combating  cotton  pests; 
when  seeds  are  treated  with  the  preparation  their  germinabllity 
Is  reduced  (N.  N.  Mel’nikov). 

V/hen  rogor  is  applied  to  vegetation  It  decomposes  comparatively 
rapidly  on  plants.  In  England  It  was  officially  decided  to  use 
rogor  on  all  crops  with  the  condition  that  the  last  treatment  be 
conducted  not  later  than  7  days  before  the  gathering  of  the 
harvest . 

Rogor  Is  used  abroad  as  a  systemic  Insecticide  In  combating 
animal  ectoparasites.  For  this  purpose  It  Is  Introduced  orally 
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Into  animate  in  the  form  of  solutions,  pellets,  etc.  The  preparation 
is  also  injected  into  animals.  Thus,  for  example,  after  administering 
solutions  orally  and  subcutaneously  to  animals  at  a  rate  of  10-25 
mg/kg  there  was  noted  the  complete  destruction  of  stable  flies 
(Stomoxyscalcitrans  L)  planted  on  these  animals. 

Under  practical  conditions  after  administering  the  preparation 
to  sheep  and  goats  analogous  data  were  obtained  (the  complete 
extermination  of  these  same  arthropods).  With  the  oral  introduction 
of  6  mg/kg  of  preparation  to  mice  there  was  observed  the  extermination 
of  mosquitoes  feeding  on  these  animals.  Increasing  the  dose  by 
7  times  resulted  in  toxic  symptoms  in  lambs  and  calves.  The 
effectiveness  of  the  solutions  was  studied  with  respect  to  exterminating 
warble  flies i  these  solutions  were  Introduced  orally  at  a  rate  of 
5-10  mg/kg.  The  mortality  rate  of  the  arthropods  was  86-100^ 
depending  upon  the  dose.  For  thlrd-lnstar  warble  fly  larvae  10 
mg/kg  was  the  lowest  dose.  In  animals  which  had  been  administered 
20  mg/kg  and  more  of  the  preparation  symptoms  of  poisoning  were 
noted . 

‘  Harvey  used  the  preparation  to  exterminate  rat  fleas  (Xenopsylla 
cheopls)  by  introducing  it  orally  in  the  form  of  alcohol  solutions 
to  rats  at  a  rate  of  25  mg/kg.  Rather  favorable  results  were 
obtained:  the  mortality  rate  of  the  insects  reached  80J{.  For 
exterminating  bird  ectoparasites  (lice  and  ticks)  0.1-0.25/J  solutions 
of  rogor  were  investigated  with  an  expenditure  of  25  m£  per  bird; 
it  was  established  that  complete  extermination  of  the  lice  was 
provided  with  a  0.25?  solution. 

For  calves  and  lambs  a  ^0  mg/kg  do^e  of  rogor  causes  severe 
toxic  symptoms]  80-100  mg/kg  is  a  lethal  dose.  Doses  of  15-20 
mg/kg  cause  only  mild  symptoms  of  poisoning,  and  doses  lower  than 
15  mg/kg  are  harmless. 

A  study  of  the  metabolism  of  roger  tagged  with  radioactive 
phosphorus,  after  the  oral  and  intramuscular  administration  to  sfieep, 
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cows  and  others  at  a  dose  of  10  mg/kg  showed  that  considerable 
radioactivity  is  noted  in  the  blood  with  any  method  of  administration: 
the  preparation  spreads  throughout  the  tissues  more  rapidly  with 
Intramuscular  administration.  After  about  24  hours  approximately 
87-90?  of  the  orally  administered  dose  had  been  excreted  with  the 
urine,  the  same  amount  was  excreted,  when  Intramuscularly  administered, 
after  9  hours.  A  total  of  3.7-5?  of  the  preparation  was  excreted 
with  the  feces  after  oral  administration  and  about  1.1?  after 
Intramuscular  administration.  In  the  brain,  llvje^  ovaries,  and 
lungs  only  insignificant  amounts  of  rogor  were  present  (0.02  y/g). 

The  preparation  is  metabolized  and  excreted  from  the  organism 
within  12  days.  It  is  detected  only  in  the  form  of  traces.  The 
hydrolysis  of  rogor  mainly  results  in  methylphosphate,  sulfur 
phosphate,  carbon  disulfide  and  especially  in  carbonyl  nitrate 
bonds.  For  rats  with  oral  administration  -  150|--2^  mg/kg, 
with  subcutaneous  injection  —  275  mg/kg  and  with  cutaneous 
application  -  750  mg/kg.  In  experiments  with  rabbits  a  portion 
of  the  animals  died  from  a  dose  of  50  mg/kg.  The  residues  of  the 
poison  are  rapidly  decomposed  in  the  plant,  thus  it  can  be  applied 
shortly  before  gathering  the  harvest. 

Ronnel 


Ronnel  -  C0H0O2PSCI2  -  0,0-dlmethyl-0-‘(2,4,5-trlchlorophenyl)- 
thlophosphate. 


Synonyms:  trolene,  Dow-ET-57. 

It  is  a  highly  volatile  liquid  with  a  very  unpleasant  odor;  it 
is  almost  Insoluble  in  water.  It  dissolves  in forganlci  solvents. 

The  v;  po"  pressure  is  0.0008  mm  Hg  at  25®. 
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Ronnel  possesses  contact,  Intestinal  and  fuinlgatlonal  action. 

From  ronnel  251  disinfecting  powders,  wettable  powder,  and  251 

emulsion  concentrate  are  prepared.  The  preparatl(m  possesses 

considerable  Insecticidal  properties.  It  Is  especially  effective 

In  combating  flies.  It  Is  used  to  exterminate  flies  In  animal 

I  barns.  According  to  L.  N.  Pogodina,  V.  D.  tarlonova  and  d.  N. 

2 

Olozman,  when  the  preparation  Is  applied  at  a  rate  of  40  mg/m 
on  glass  flies  coming  In  contact  with  the  latter  are  completely 
exterminated.  It  Is  also  toxic  to  fly  larvae. 


According  to  other  authors,  there  has  been  observed  In  animal 
farms  the  complete  destruction  of  flies  after  the  preparation  Is 


applied  In  the  form  of  a  1]K  suspension  or  l!t  emulsion  on  a  surface 

o 

at  a  rate  of  1“2  g/m  . 


The  duration  of  the  residual  effect  Is  retained  for  6-11 
weeks.  It  has  been  determined  that  when  ronnel  Is  topically  applied 
to  the  surface  of  flies'  bodies  the  LD^q  Is  equal  to  1.5  ug/k* 

For  the  oxygen  analog  of  ronnel  this  dose  was  equal  to  2  wg.  For 
combating  Drosophllae  In  their  breeding  places  (clusters  of 
putrescent  fruit)  a  OOj^l  suspension  of  25%  wettable  powder  Is  used 
adding  to  the  suspension  10)(  sugar,  1J(  vinegar  or  apple  cider  and 
yieast.  This  treatment  kills  9T-100J  of  the  Drosophllae  for 
33  days.  Ronnel  Is  highly  toxic  when  lit  ge'ts  Into  the  Insec.t 
organism  along  with  food.  Thus,  according  to  the  laboratory  data 
of  L.  N.  Pogodina  and  others  when  0.04'j<i  of  the  preparation  Is 
present  In  liquid  bait  containing  sugar  the  complete  destruction 
of  flies  Is  observed. 


Cord  treated  with  a  25%  solution  of  ronnel  In  xylene  turned 


out  to  be  effective  In  combating  flies.  The  cord  Is  hung  In 

.2 


animal  quartering  places  at  a  rate  of  1  m/m  of  floor.  Its 
effectiveness  Is  preserved  for  0-l6  weeks  depending  upon  the 
conditions  of  the  quarters  and  the  size  of  the  fly  population. 
In  connection  with  the  low  toxicity  of  ronnel  to  warm-blooded 
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animals  the  Indicated  method  of  application  Is  promising}  Inasmuch 

as  cord  manufactured  In  this  way  can  be  recommended  for  sale  to 

the  general  public.  To  extei*mlnate  larvae  a  1%  emulsion  (251 

concentrate)  or  a  1.25%  suspension  Is  recommended  at  an  application 
2 

of  1  g/m  of  manure.  The  treatment  was  repeated  In  2-7  days. 

Ronnel  Is  also  effective  In  controlling  cockroaches ,  It  Is 
used  In  the  form  of  1-2|^  oil  solutions,  and  also  In  the  form  of 
oil  aerosols.  Surfaces  and  fissures  treated  with  an  etnulslon  of 
this  preparation  preserve  their  Insecticide  properties  with 
respect  to  cockroaches  for  30-50  days.  Analogous  results  were 
also  obtained  using  disinfecting  powder.  Ronnel  at  a  1-2X 
concentration  Is  also  applied  In  the  form  of  oil  aerosols  for 
treating  restaurants,  markets  and  other  places  where  food  Is 
handled.  This  Is  the  only  organophosphorus  Insecticide  recommended 
In  the  form  of  an  oil  aerosol  for  treating  food  enterprises. 

To  exterminate  fleas  13(  solutions  or  suspensions  of  ronnel 
are  used  at  a  rate  of  ^<5  rat/m  ;  they  are  effective  for  9  weeks. 
Analogous  results  using  a  1)1  solution  were  obtained  In  exterminating 
bugs.  When  treating  mattresses  and  mattress  covers  It  Is  recommended 
that  precautions  be  ts^en  not  to  wet  them  with  the  solutions.  The 
treatment  is  repeated  In  2  weeks;  children's  things  should  not  be 
treated  with  It.  Its  1!(  solutions  are  also  employed  in  dealing 
with  mosquitoes  and  ants.  In  the  Insect  organism  the  detoxification 
of  ronnel  Is  achieved  through  hydrolysis.  The  basic  role  of 
hydrolysis  Is  the  bonding  of  phosphorus  with  oxygen  and  phenyl. 

Ronnel  Is  used  as  a  systemic  preparation  In  combating  warble 
fly  larvae  by  administering  It  to  animals  In  doses  100-110  mg/kg. 

Wo  harmful  after  effects  are  reported  in  treating  1-2  week-old 
calves,  adult  animals  and  sheep  with  2.3%  solutions  or  in  Immersing 
them  In  these  solutions,  or  In  treating  them  with  10]^  ronnel 
disinfecting  powders.  It  Is  also  used  for  spraying  a.iimal8  lA  the 
form  of  a  0.5-11  suspension  or  emulsion  at  a  rate  of  2-4  t  per 
animal.  An  attempt  was  made  to  orally  administer  to  chicks  500-800 
mg/kg  non  Lethal  doses  of  the  poison  properties;  the  mortality  rate 
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of  flies  under  these  conditions  reached  90% »  but  the  excrement 
retained  Its  Insecticidal  properties  only  for  3  days.  The  preparation 
has  found  Its  greatest  application  In  combating  ectoparasites  of 
birds  and  animals.  For  these  purposes  a  IjC  disinfecting  ^powder 
Is  used  with  a  3-^  g  expenditure  of  each  bird,  or  the  preparations 
possessing  systemic  action  ronnel  bel'^ngs  among  the  best.  It  Is 
used  In  the  form  of  pellets  at  a  rate  of  100-110  mg/kg.  Its 
protection  lasts  6  months. 

Toxicity.  The  preparation  Is  only  slightly  toxic  to  warm¬ 
blooded  animals;  when  orally  administered  the  LD^q  for  rats  Is 
1.7^  g/^*  for  mice  -  2.14  g/kg,  for  Jogs  -  about  0.5  g/kg,  for 
ducks  -  4  g/kg,  for  chicks  -  5  g/kg,  for  turkeys  -  0.5  g/kg. 

No  morphological  changes  were  noted  after  the  prolonged  feeding 
of  rata  with  food  containing  15  mg/kg  of  the  preparation,  fvor 
dogs  it  was  10-25  mg/kg  of  the  preparation.  V/hen  the  preparation 
gains  entry  Into  the  organism  through  the  skin  it  is  less  toxic 
than  when  entry  occurs  through  the  mouth.  When  125  mg/kg  of 
preparation  are  administered  to  large  animals  there  ar4  observed 
only  mild  symptoms  of  poisoning  which  progress  in  proportion  to  the 
Increase  of  the  dose  up  to  400  mg/kg.  It  has  been  noted  that 
animals  treated  with  systemic  Insecticides  to  exterminate  warble 
flies  acquire  resistance  to  repeat  infestations  by  these  ectoparasites. 


Thlophos  -  Cj^gH^^NOjPS  —  0,0-dlethyl-0-n-nltrophenylthlophosphate. 


Synonyms:  parathlon,  [NIUIP-lOO]  (iHMyWft-lOOi  )>  diethyl-p- 
nltrophenyl-monothlophosphate,  E-605>  compound  3422,  nlran,  alkron, 
ganlthlon,  penphos,  phos-kll,  vapophos  and  others. 
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The  pure  preparation  Is  a  light-yellow,  odorless  liquid, 
which  on  cooling  crystallizes  Into  needle-llke,  almost  colorless 
crystals  having  a  melting  point  of  6®.  The  specific  gravity  is 
1.2655  at  25®.  The  technical  preparation  Is  a  thick,  oily, 
dark-brown  liquid,  with  a  pungent  garlic  odor,  which  the  Inpurltles 
Import  to  It.  Its  specific  gravity  Is  1.26  at  20®.  Its  boiling 
point  is  157-162®  at  0.64  mm  Hgj  at  35®  thiophos  solidifies.  The 
vapor  pressure  Is  3. 78 •10“^  mm  Hg  at  24®. 

In  the  usual  organic  solvents  It  Is  very  soluble;  In  mineral 
oils'  It  Is  only  slightly  soluble;  In  water  0. 015-0. 024?  of  the 
preparation  dissolves  at  25®. 

Thiophos  is  slowly  hydrolyzed  In  distilled  water,  and  slightly 
by  sulfuric  acid,  but  considerably  more  rapidly  by  alkalis.  Thus, 
at  pH  5-6  1?  of  the  dissolved  thiophos  Is  hydrolyzed  after  62 
days,  at  pH  8-9  after  120  days  50?  of  the  preparation  Is  hydrolyzed. 

In  a  saturated  aqueous  solution  of  lime  for  hydrolysis  of  the 
indicated  amount  at  25®  8  hours  Is  required. 

The  mechanism  of  Its  action  Is  the  same  as  the  mechanism  of 
action  of  the  other  orgai.ophosphorus  compounds,  l.e..  It  suppresses 
cholinesterase. 

Thiophos  Is  used  under  the  name  of  preparation  NIUIP-lOO  to 
manufacture  preparations  to  combat  pests  of  agricultural  crops. 

In  the  manufacture  of  this  preparation  [NIUIP-lOO]  thiophos  Is 
dissolved  (at  the  plant)  first  In  the  auxiliary  substance  OP-7 
or  OP-10  and  In  this  manner  there  Is  obtained  a  30?  thiophos 
concentrate  or  preparation  NIUIP-lOO  (N.  N.  Mel'nikov). 

For  dusting  a  1?  talc  or  tale-kaolin  disinfecting  powder  Is 
prepared,  which  as  a  chemical  poison  received  less  application 
than  the  30?  concentrate.  The  preparation  Is  effective  In  controlling 
shield  bugs  and  other  agricultural  pests.  In  an  analogous  manner 
the  stronger  concentrates  are  prepared,  which  are  45-50?  solutdons 
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of  the  preRaration  In  a  surface-active  agent.  Working  emulsions 
are  prepared  from  the  concentrates  by  simple  dilution  In  water 
(while  mixing)  to  the  desired  conoentratloi»  (It  Is  possible  to  use 
hard  water).  Working  emulsions  are  eiii^ctive  against  the  majority 
of  Insects  within  the  limits  of  0.02-0.07^  of  thlophos,  l.e., 
within  the  limits  of  0.04-0.141^  of  factory  concentrate. 

The  preparation  Is  highly  toxic  to  lice,  bugs,  cockroaches, 
files  and  red  house  ants.  After  5  minutes  of  contact  with  a 
fabric  treated  with  the  disinfecting  powder  containing  0.0125^ 
of  this  preparation,  the  enumerated  Insects  die.  The  preparation 
Is  highly  effective  In  combating  files  by  treating  the  exterior 
walls  of  buildings.  It  Is  also  effective  In  treating  rubbish 
containers  and  rubbish  to  exterminate  the  pupae  and  larvae  of 
files.  The  disinfecting  powders  containing  0.06^  of  the  preparation 
are  highly  effective  In  combating  red  house  ants.  In  a  number  of 
countries  thlophos  Is  used  to  control  mosQulto  larvae  at  an  expenditure 
of  120  g/ha.  When  used  In  these  amounts  the  action  of  thlophos 
does  not  last  long.  Mosquito  larvae  (Anopheles  and  Aedes)  die 
within  the  limits  of  50%  when  It  Is  present  In  the  water  In  the 
amounts  0.00046-0.0006  mg/1  respectively.  When  thlophos  Is  topically 
applied  the  LD^q  for  house  files  Is  0.015  pg/lnsect. 

f  1 

Thlophos  possesses  high  toxicity  to  warm-blooded  animals. 

When  It  Is  administered  In  a  single  oral  dose  or  applied  to  the 
skin  In  a  dose  causing  complete  extermihation  [100?  mortality]  of 
the  animals,  this  100?  lethal  dose  for  cats  and  guinea  pigs  Is 
12.5  mg/k^,  for  white  mice  It  Is  15-20  mg/'kg,  for  rabbits  It  Is 
50  mg/kg.  The  maximum  permissible  amount  of  thlophos  vapors  In 
the  air  of  Industrial  premises  Is  0.00005  mg/f .  Because  of  Its 
high  toxicity  and  fumlgatlonal  properties  Its  application  forr.-^ 
treatment  of  objects  Inside  living  quarvers  Is  forbidden.  The 
use  of  thlophos  Is  also  prohibited  for  duatlng  and  spraying 
vegetable,  fruit,  berry,  subtropical  and  other  crops except  technical 
crops.  Many  cases  of  humans  being  poisoned  with  thlophos  are 
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encountered  In  literature  (K.  Oar  and  others,  N.  A.  Sazonova,  V. 

I.  Vashkov,  A.  P.  Volkova;  F.  P.  Kalayanova). 

The  presented  data  Indicate  that  In  working  with  thlophos 
It  Is  necessary  to  be  careful  and  to  observe  all  the  rules  of 
safety.  Its  application  for  the  extermination  of  pests  of  dwellings 
Is  permissible  only  In  extreme  cases  and  furthermore  only  with 
great  caution;  It  can  be  used  for  treating  the  exterior  surfaces 
of  structures.  In  combating  files  In  places  containing  animals, 
and  also  In  dining  rooms,  cords  are  hung,  which  have  been  treated 
with  a  thlophos  solution  with  sugar  or  without  sugar  at  a  rate  of 
1  m  of  cord  per  3  m  of  area.  In  Denmark  In  certain  places  after 
the  prolonged  application  (1956-1958)  of  such  cords  files  Increased 
their  resistance  to  this  preparation  by  approximately  5  times. 

When  eaten  by  hens  the  preparation  Is  deposited  In  the  egg  white. 

In  Inhabited  localities,  where  thlophos  was  used  to  combat 
parasites  of  dwellings  numerous  cases  of  human  poisoning  have 
arisen  with  a  lethal  outcome.  When  a  thlophos  aerosol  Is  Inhaled 
Its  toxicity  for  man  Is  extraordinarily  great  -  1  mg/kg.  Cases 
of  poisoning  of  workers  occupied  In  dusting  with  this  preparation 
are  frequent  (V.  F.  Gusev).  In  literature  hundreds  of  cases  are 
cited  of  thlophos  poisoning  as  a  result  of  the  preparation  getting 
into  the  human  organism  along  with  food. 

Trlchlorometaphos-3 

Trlchlorometaph08-3  -  C^2^8*^3^^3^^  ~  O'^nsthyl-C-ethy  1-0-2,  , 

^ ,5-trlchlorophenylthlophosphate  is  a  compound  from  the  group  of 
mixed  aliphatic-aromatic  esters  of  thlophosphorlc  acid. 
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The  chemically  pure  preparation  Is  an  oily  colorless  liquid 
with  a  specific  odor.  Its  specific  gravity  is  1.43^5*  The  bolDlng 
point  is  125-135®  at  0.15  ram  Hg.  The  index  of  refraction  is 
1.5541. 

Technical  trlchlororaetaphos-3  is  also  an  oily  liquid  with  a 
light-  to  dark-brown  color.  The  percentage  of  the  basic  product 
is  within  the  limits  of  from  70  to  84$.  It  in  obtained  from 
2f 4,5-trlchlorophenyl  with  phosphorotrlchloromethyl  alcohol. 

The  preparation  is  Insoluble  in  water,  but  soluble  in  organic 
solvents.  Industry  produces  an  emulsion  concentre  e  containing 
from  30  to  50$  active  substance;  when  diluted  with  water  it  la 
readily  emulsified,  as  a  result  of  which  a  stable  white  emulsion 
will  be  formed.  Trlchlorometaphos-3  possesses  a  fumlgatlonal, 
contact  and  Intestinal  action. 

It  was  synthesized  In  I96I  of  the  Scientific-Research  Institute 
of  Fertilizers  and  Insectofunglcldes.  It  was  thoroughly  studied 
by  I.  V.  Qvodzdeva  at  the  Central  Scientific-Research  Disinfection 
Institute.  The  preparation  possesses  high  Insecticidal  properties 
(contact.  Intestinal  and  fumlgatlonal).  This  enzymatic  poison 
Is  used  to  exterminate  flies,  mosquitoes,  bugs  and  other  Insects. 


The  LD^q  for  female,  house  flies  for  an  Insectary  strain  with 
the  topical  application  of  acetone  solutions  from  a  pipette  Is 
0.15  mg  per  insect  (calculation  after  24  hours).  When  flies  are 
individually  fed  sugar  syrup  containing  the  preparation  the 
0.5  lig  pep  Insect. 

In  connection  with  the^.'ljact  that  trlchlorometaphos-3  does  not 
possess  prolonged  residual  action  with  respect  to  winged  flies. 

It  Is  used  for  these  purposes  In  the  absence  of  other  preparations. 
When  100  mt/m  of  the  emulsion  contalnli^-O .  Si  trichlorometaphos-3 
are  applied  to  a  surface  Its  effectiveness  Is  preserved  for  2-3 
days. 
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The  preparation  possesses  larvlcldal  properties;  complete 

destruction  of  house  fly  larvae  Is  observed  for  2^  hours  after  its 

addition  at  a  rate  of  15  mg/kg  to  an  air-dried  substrate  (middlings). 

Under  practical  conditions  to  destroy  fly  larvae  in  ll'iuld  waste 

material  -  cesspools,  restrooms  and  others  -  ai  0.2%  concentration 

of  the  technical  preparation  is  used  in  an  amount  of  0.2  l/xti  . 

The  rate  of  treatment  in  the  moderate  climatic  belt  is  one  time  in 

10-12  days.  Under  the  conditions  of  a  hot  dry  climate  the  recommended 

2 

treatment  is  O.ljt  water  emulsion  in  the  amount  of  2-5  t/m  once 
in  5-6  days.  With  respect  to  toxicity  for  warm-blooded  animals  it 
is  approximately  equal  to  chlorophos;  the  ,LDj^qq  when  subcutaneously 
administered  to’  white  mice  is  approximately  750  mg/kg. 

According  to  A.  N.  Volkova  and  N.  A.  Sazonova,  when  applied 
on  the  skin  the  preparation  is  only  slightly  toxic;  it  does  not 
cause  irritation  at  a  0.5%  concentration.  The  prolonged  inhalational 
action  of  aerosols  of  the  technical  preparation  when  a  0.1J5  emulsion 
is  sprayed  does  not  cause  changes  in  the  respiratory  organs  of 
animals.  Increasing  the  concentration  of  the  emulsion  to  |0.5S 
caused  symptoms  of  ijocal  bronchitis  in  the  lungs  of  rabbits.  IThen 
the  concentration  was  increased  to  1%  the  toxicity  of  the  preparation 
was  considerably  increased  and  in  the  respiratory  organs  of  the 
animals  expressed  pathological  changes  developed. 

Chlorophos 

Chlorophos  —  C2^H0O|^PCl2  —  0,0-dimethyl-2,2,2-trichloro- 
1-hydroxyethyl  phosphonate. 


/ 


Synonyms:  dlpterex,  Bayer-L-13/59.  It  is  one  of  the  most 
wide-spread  representatives  of  the  organophosphorus  compounds. 
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The  molecular  weight  la  1257 -S*!  The  pure  preparation  is  a  white 
crystalline,  odorless  substance  with  a  melting  point  of  82.5-83^; 
when  recrystallized  needle-llke,  transparent  crystals  are  obtained. 

The  boiling  point  at  0.004  mm  Hg  Is  91";  at  0.1  mm  Hg  It  Is 
100^;  at  0.2  mm  Hg  It  Is  109";  at  0.4  mm  Hg  It  Is  120^;  the  specific 
gravity  at  4-20®  Is  1.73.  The  refraction  (lOJ  aqueous  solution)  / 
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Is  1.3439;  the  volatility  of  technical  chlorophos  Is  great  -  at 
20®  It  Is  equal  to  0.01  rag/m^,  and  at  40®  -•  2  mg/m^.  Its  vapor 
tension  Is  equal  to  8*10“^  mm  Hg  at  27.4®. 

■  1 

It  Is  soluble  In  water  up  to  13-15?  "‘t  25" ;  it  Is  soluble  In 
alcohol,  ethyl  ether,  benzene,  toluene,  llgroln  and  in  the  majority 
of  chlorinated  hydrocarbons,  such  as:  ethylene  chloride,  chloroform; 
it  Is  readily  soluble  in  petroleum  ether,  carbon  tetrachloride. 

It  Is  stable  at  room  temperature  In  a  neutral  or  slightly  lacld 
medium;  It  slowly  decomposes  when  It  stands  for  a  longjtlme  In 
the  form  of  an  aqueous  solution;  It  is  unstable  In  an  alkaline 
medium.  Alkalis  turns  It  into  water-insoluble,  highly  toxic  [DDVP] 
(jyiBfb).  With  a  weakly  alkaline  reaction  at  great  dilution  chlorophos 
Is  rapidly  converted  into  DDVP.  The  half-periods  of  this  trans¬ 
formation  at  pH  8.0,  7.0  and  6.0  are  equal  respectively  to  63 
minutes,  386  minutes  and  89  hours.  At  pH  5*4  hydrolysis  occurs 
very  slowly. 

The  technical  preparation  can  have  a  different  form:  from 
a  hard,  white  substance  reminiscent  of  paraffin  to  a  liquid  In 
the  form  of  a  thick  honey  of  gray  color  with  a  sharp  specific 
odor.  ^ 

Domestic  industry,  besides  the  liquid  preparation,  manufactures 
technical  chlorophos  In  the  form  of  a  white,  friable  powder.  This 
preparation  contains  97?  0,0-dlmethyl-2,2,2-trichloro-l-hydroxyethyl 
phosphonate;  the  solidification  point  Is  73.6®,  the  acidity  based 


on  H2S0|^  In  weight  percents  Is  not  more  than  0.7*  The  water  content 
in  weight  percents  Is  not  more  than  1%.  The  melting  point  Is 
50-70°  depending  upon  the  consistency  and  purity  of  the  preparation. 
It  is  miscible  in  water  In  any  proportions.  The  time  of  Its  half- 
life  in  an  aqueous  solution  at  20°  Is  equal  to  526  days,  30°  -  1^0 
and  at  ^0°  -  ill  days. 

When  a  10%  aqueous  solution  of  chlorophos  Is  stored.  Its 
Insecticidal  properties  decrease  in  a  month  by  5%t  after  3  months  — 
by  65^,  after  6  months  -  by  8^,  and  after  13  months  —  by  39% 

(Table  14,  15,  and  l6). 


Table  14.  The  half-life  period  at  pH  1-5  depending 
upon  temperature  (in  days). 


Kisi  ot  iht  prtparmtioa 


Chlaropnoi 
«  • 


Ml  M|0,»|04e4 


Table  15.  The  half-life  period  depending  upon 
the  pH  of  an  aqueous  solutions  at  70°  (in  days) 


of  tlM  proparotlon 


ChlerocihMi .  8  3«  8  8  15  3  0.7  0.3  0,1 

.  .  3.3  3.4  3,4  S  2.3  1,4  0.8 


Table  16.  The  conversion  oT  100  g 
of  chlorophos  into  DDVP  depending 
upon  pH. 
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DOVP  in  H  1 

When  a  O.IJR  solution  is  stored  its  effectiveness  Is  reduced 
after  a  month  by  6j!,  after  3  months  -  by  17%,  after  6  months  -  by 
^3%$  after  a  year  -  by  85% •  The  determination  of  chlorophos  is 
carried  out  mainly  by  the  chromatographic  method  (Chen  Sen  Haun  and 
others) . 

Technical  chlorophos  Is  used  to  combat  ecto-  and  endoparasltes 
of  domestic  animals  and  birds,  pests  of  agricultural  cultures  and 
household  parasites. 

Insecticidal  properties  of  chlorophos.  Chlorophos  can  penetrate 
into  the  organism  of  Insects  by  various  pathways.  Its  Insecticidal 
activity  manifests  Itself  upon  contact,  upon  getting  Into  the  intestine 
of  Insects  with  food,  and  also  due  to  the  penetration  of  chlorophos 
through  the  respiratory  pathways  mainly  in  a  vaporous  state. 

Chlorophos  is  used  In  the  form  of  an  aqueous  solution, 
solutions  In  organic  solvents,  a  disinfecting  powder,  solution- 
suspensions,  aerosols,  food  baits  and  screens  Impregnated  with 
chlorophos,  and  others. 

Chlorophos  is  not  soluble  In  kerosene  and  Is  incompatible 
with  Bordeaux  mixture,  lime  or  any  substance,  the  pH  of  which  Is 
higher  than  7.5. 

In  the  Soviet  Union  it  was  first  synthesized  In  195^  In 
Scientific  Research  Institute  of  Insectofungicldes .  Certain  data 
on  Its  insecticidal  properties  were  first  published  by  V.  A.  Nabokov, 

A.  V.  Nikiforova.  It  was  studied  In  detail  at  the  Central  Scientific 
Research  Dlslnfectlonal  Institute  (V.  I.  Vashkov,  Ye.  V.  Shnayder). 

The  insecticidal  activity  of  chlorophos  Is  in  direct  dependence 
on  the  purity  of  the  preparation:  the  purer  the  preparation  the 
more  toxic  it  Is  to  Insects  In  Its  contact  action. 


Chlorophos  belongs  to  the  strong  Intestinal  poisons. 

A  lethal  dose  of  pure  chlorophos  when  orally  administered  to 
house  files  Is  approximately  three  times  less  than  when  applied 
to  the  cuticle.  Thus,  for  example.  In  the  Introduction  of  chlorophos 
to  a  house  fly  through  Its  mouth  the  Is  equal  to  0.3  wg  per 
Insect,  and  when  topically  applied,  according  to  I.  V.  Ovoadeva,  It 
Is  0.77  yg  per  Insect  and  according  to  Ye.  V.  Shnayder,  It  Is 
0.^  yg  per  Insect. 

The  speed  of  the  advent  of  paralyses  depends  on  a  number  of 
factors.  Including  the  physical  state  of  the  Insect.  Files  kept 
for  18  hours  before  the  experiment  In  vivariums  without  food, 
died  considerably  faster  than  those,  which  were  taken  Into  the 
experiment  without  this  corresponding  starvation.  In  the  first 
case  they  died  after  30-60  seconds.  In  the  second  —  after  3-5 
minutes . 

The  fumlgatlonal  effect  of  chlorophos  Is  stronger  the  less 
purified  the  preparation  Is.  This,  obviously,  is  baused  by 
those  volatile  impurities,  which  are  constantly  present  In  technical 
chlorophos  (DDVP  and  others)  and  which  possess  high  insecticidal 
properties. 

Thus,  for  example,  when  freshly  Impregnated  sheets  of  filter 
paper  are  used  the  toxic  action  of  the  vapors  of  the  preparation 
appears  considerably  more  rapidly  than  when  sheets  are  used,  which 
were  stored  for  a  long  time  after  treatment.  When  sheets  of  filter 
paper  were  used  2U  hours  after  Impregnation  the  mortality  rate 
of  the  flies  located  in  a  closed  Jar  was  complete  toward  the  end 
of  3  hours,  when  these  same  type  of  sheets  were  used  tl8  hours  after 
impregnation  the  mortality  rate  of  the  flies  attained  77f  with  the 
same  exposure. 

According  to  their  mechanism  of  action  on  arthropods  the 
organophosphorus  Insecticides  belong  to  the  enzymatic  poisons: 
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they  caused  significant  Inhibition  in  the  formation  of  cholinesterase 
and  pseudocholinesterase. 

The  organophosphorus  compounds  even  in  Insignificant  amounts 
(I'lO”^  and  1*10“^  mole)  are  able  to  suppress  these  enzymes. 

As  it  is  known,  the  function  of  cholinesterase  consists  in  the 
prevention  of  the  accumulation  of  acetylcholine,  which  normally 
vanishes  as  rapidly  as  it  is  formed.  Organophosphorus  compounds 
inhibiting  the  formation  of  cholinesterase  promote  the  accumulatlon 
of  acetycholine  in  the  organism  which  causes  poisoning. 

The  anticholinesterase  action  of  the  esters  of  phosphoric 
acid  started  to  take  on  meaning  during  the  Second  World  War,  then 
the  high  toxicity  of  these  compounds  to  people  was  ascertained. 

Chlorophos  also  belongs  to  the  enzymatic  poison.  Getting 
into  the  organism,  it  inhibits  the  formation  of  cholinesterase, 
forming  with  it  stable  complexes.  This  process  is  accompanied  by 
the  phosphorulation  of  cholinesterase  and  the  cleavage  of 
organophosphorus  compounds.  Spencer  expresses  the  assumption  that 
dipterex  (chlorophos)  in  the  organism  is  first  dehydrochlorlnated, 
then  isoraerized  into  0,0-dimethy 1-0-2, 2-dichlorovlnylphosphate 
(DDVP),  which  also,  apparently,  phosphorylates  cholinesterase. 

The  effectiveness  of  chlorophos  Ir  an  alkaline  medium  is 
higher  than  in  an  acid  medium.  Thus,  for  example,  with  pH  of  5.^ 
and  8  the  suppression  of  cholinesterase  is  11  and  lOOJf  respectively. 
These  data  clearly  illustrate  that  in  the  suppression  of  cholinesterase 
an  essential  role  is  played  by  DDVP,  forming  from  chlorophos. 

The  speed  of  the  paralysis  of  house  flies,  which  vere  fed  sugar 
containing  chlorophos  Increased  with  the  Increase  of  pH  from  5*^ 
to  7*0.  In  flies  poisoned  with  chlorophos  tagged  with  radioactive 
phosphorus,  the  formation  of  DDVP  was  established  for  a  portion 
of  which  was  necessary  for  5)5  of  the  total  radioactivity.  The  latter. 
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as  is  known,  is  7-10  times  more  toxic  to  flies  than  chlorophos. 
With  the  addition  to  solutions  of  chlorophos  of  an  equal  amount 
of  ammonium  carbonate  the  effectiveness  of  the  former  in  fly  baits 
is  Increased  by  approximately  6-7  times. 


In  a  study  of  the  disintegration  and  excretion  of  the  preparation 
Bayer-L-13/59  tagged  with  radioactive  phosphorus  in  a  lactatlng 
cow,  and  also  of  the  penetration  of  the  preparation  into  the 
organism  of  the  larvae  of  the  Hypoderma  bovls  ox  warble  fly  it  was 
established  that  the  preparation  is  subjected  to  rapid  metabolism 
in  the  organism  and  is  excreted  with  the  urine.  The  greatest 
quantity  of  the  preparation  is  excreted  2  l/2~5  1/2  hours  jafter  its 
introduction  Into  the  organism.  In  the  milk  of  the  experimental 

cow  l4^  hours  after  the  beginning  of  the  experiment  less  than  0.2Jf 

1 

of  the  radioactive  preparation  was  detected  of  the  total  dose 

t 

Introduced  and  about  23!^  was  inorganic  phosphorus.  In  the'>  blood 
the  highest  level  of  radioactivity  was  reached  between  the  Ist 
and  3rd  hour  after  the  introduction  of  the  preparation.  In  the 
exudate  of  warble  fly  larvae  there  was  noted  a  somewhat  slower 
dispersion  of  the  radioactivity  than  in  the  blood  of  an  animal. 

The  maximum  radioactivity  per  unit  of  weight  was  noted  in  those 
larvae,  which  were  gathered  between  the  6th  and  24th  hour  after 
the  Introduction  of  the  preparation  to  the  cow.  In  the  blood, 
urine  or  milk  of  the  animals  DDVP  was  not  detected.  It  was 
ascertained  with  the  help  of  tagged  radioactive  phosphorus  that 
Bayer'L-13/59  and  DDVP  administered  in  the  form  of  a  solution  In 
absolute  ethanol  on  the  dorsal  cervical  membrane  of  first  Instar 
oriental  cockroach  nymphs  were  rapidly  absorbed  by  the  Insects 
and  excreted  mainly  through  the  intestinal  tract,  where  the 
preparation  Bayer- 1-13/59  was  spread  all  over  the  organism  so  that 
the  hemolymph  and  all  the  tissues  of  the  insects  became  radioactive, 
and  the  greatest  amount  of  this  preparation  was  found  in  the  fat 
bodies  and  only  an  Insignificant  part  in  the  intestines. 
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Analogous  results  In  experiments  with  Insects  were  also  obtained 
using  the  tagged  preparations  Bayer-L-13/59  and  DDVP.  The  absorbed 
preparation  first  got  into  the  blood,  then  Into  the  Intestines 
of  the  Insects,  after  which  It  was  distributed  all  along  the 
allmentory  canal,  appearing  finally  theli*  posterior  segment.  This 
method  of  distribution,  in  the  opinion  of  the  authors,  differs 
somewhat  from  the  way  phosphorus-containing  Insecticides  are 
distributed,  with  respect  to  which  their  accumulation  was  noted  In 
the  anterior  segment  of  the  Intestines. 

They  assume  that  organophosphorus  compounds  act  suppresslngly 
on  the  acetylcholinesterase  of  the  nervous  system  thereby  causing 
the  death  of  the  Insects. 

However,  these  compounds  are  also  toxic  to  Insect  eggs  treated 
before  the  time  the  dlfferentatlation  of  the  nervous  system  occurs. 
Eggs  treated  before  the  time  cholinesterase  activity  appeared 
In  them,  developed  normally,  but  larvae  did  not  hatch'from  them. 

The  Investigations  of  the  hlstochemical  changes  In  the  organism 

* 

of  Insects  under  the  effect  of  chlorophos,  conducted  by  V.  I. 
Zakkolodklna,  showed  that  3-5  hours  after  the  action  of  the 
organophosphorus  Insecticides  on  the  flies  changes  were  observed 
in  the  hemolyraph:  the  number  of  basophilic  cells  sharply  decreased, 
and  In  most  cases  they  completely  vanished;  the  number  of  oxyphilic 
cells  changed  slightly,  but  In  certain  of  them  pyknosls  of  the 
nuclei  was  observed;  many  were  rather  strongly  compressed  and 
decreased  In  size.  After  5  hours  only  single  oxyphilic  cells  were 
evident 

^  Aft.u’  treating  flies  with  chlorophos  for  30-60  minutes  the 
weight  of  the  hemolyraph  In  paralyzed  individuals  decreased  by 
63?,  and  after  5  hours  -  by  90?  as  compared  to  the  control  flies; 

In  the  experimental  nonparalyzed  Individuals  sharp  changes  in 
the  hemolyraph  were  not  noted. 
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These  data  show  that  chlorophoa  causes  sharp  changes  In  the 
hemolymph  of  house  flies,  and  not  only  does  It  significantly 
decrease  the  weight  of  the  hemolymph,  but  also  the  cellular  elements 
degenerate. 

Investigations  by  V.  I.  Zakolodklna  in  the  region  of  the 
enzymes  of  the  respiratory  tissues  of  Insects  showed  that  3  hours 
after  the  effect  of  chlorophos  there  was  observed  in  the  nerve 
cells  a  certain  suppression  of  the  activity  of  cytochrome  oxidase 
and  succinic  dehydrogenase,  which  gradually  intensifies  and 
after  5  hours  is  rather  pronounced. 

In  the  muscles  of  the  house  fly  3  hours  after  the  effect  by 
chlorophos  there  is  also  observed  a  certain  suppression  of  the 
activity  of  cytochrome  oxidase,  which  after  5  hours  la  strongly 
expressed. 

The  activity  of  succinic  dehydrogenase  fluctuates  somewhat 
differently.  Three  hours  after  the  application  of  chlorophos 
the  activity  of  this  enzyme  is  increased,  but  after  5  hours  it  is 
considerably  suppressed. 

These  changes  in  the  activity  of  cytochrome  oxidase  and  succinic 
dehydrogenase  indicate  great  changes  in  the  oxidative  processes 
of  the  cells  and  tissues. 

Ihe^e  also  occurs  disturbance  of  protein  metabolism,  as  a 
result  olf  which  in  the  large  and  average  nerve  cells  the  amount 
of  ribonucleic  acid  and  arginine  decreases.  In  the  small  nerve 
cells  5  hours  after  the  influence  of  chlorophos  rlbonucleric  acid 
and  arginine  cannot  be  detected  by  the  hlstochemlcal  method. 

Chlorophos  is  very  toxic  to  dipterous  insects,  and  this  is 
why  it  is  also  called  dlpterex.  It  is  especially  effective  in 
combating  flies,  including  these  resistant  to  the  chlorinated  hydro¬ 
carbons.  A  mortality  rate  of  50%  of  the  house  flies  occurs  with  the 
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application  of  0.2-0. 4  nE  of  the  preparation  per  each  Individual; 

100)1  of  the  flies  die  with  the  application  of  2  ug  of  the  preparation. 

After  coming  in  contact  with  the  preparation  the  flies  rapidly 
develop  paralyses  and  death  ensues.  Thus,  for  example,  when 
2.5  wg  of  the  Insecticide  is  applied  to  the  dorsum  of  each  fly 
paralysis  ensues  in  the  Insects  after  5-6  minutes,  and  50%  of  the 
flies  die  after  8-10  minutes. 


Chlorophos  is  highly  toxl-'  to  house  flies  and  at  a  concentration 
of  O.OOlSf  causes  their  death  within  24  minutes.  In  comparing  the 
concentrations  requireu  to  bring  about  the  death  of  50%  of  the 
house  flies,  it  was  established  that  chlorophos  is  4^  times  more 
toxic  than  the  pyrethrlns  (T.  A.  Bolotova,  L.  N.  Vasilenko). 


Of  great  Interest  also  Is  the  fact,  that  chlorophos  with 
respect  to  flies  was  4-5  times  more  toxic  than  DDT;  furthermore, 
in  weak  solutions  (0.1-0. 2)!)  it  posse.sses  the  capacity  to  attract 
flies. 


On  glass  and  surfaces  painted  wltn  oil  base  paint,  with  the5.r 
solid  covering  with  aqueous  solutions  of  chlorophos,  the  preparation 
after  evaporation  of  the  moisture  becomes  distributed  in  the  form 
of  a  nonuniform  film.  When  f  surfaces  are  treated  with  fine  drops 
the  preparation  Is  depoiilted  in  each  drop  in  the  ^orm  of  a  ring 
with  an  uneven  Internal  region  [edge].  On  cotton  fabric  after  it 
has  received  a  fine-drop,  continuous  [sol.ld]  treatment,  and  also 
after  it  is  moistened  the  deposits  of  chlorophos  have  the  form  of 
individual, 'small  scales;  the  remainder  of  the  preparation  is 
dispersed  inside  the  fibers,  where  it  becomes  Inaccessible  for 
the  insects.  When  tcst-objects  of  glass  and  those  painted  with 
oil  paint  are  stored,  there  is  observed  after  ^10-12  days 
cr.-'stalllzation  of  the  preparation,  as  a  result  of  which  there 
are  formed  long  needle-shaped  crystals,  disposed  in  small  clusters, 
which  are  rather  firmly  held  on  the  surface. 
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When  DDT  Is  used  the  effectiveness  of  the  preparation  depends 
on  the  size  of  the  crystals,  however  one  should  not  always  attach 
great  significance  to  the  crystals  and  consider  the  effectiveness 
of  the  treatment  dependent  on  their  presence  and  form.  This  especially 
pertains  to  chlorophos,  which  at  first  after  evaporation  of  the 
solvent  covers  a  surface  In  the  form  of  a  film  formed  by  a  substance 
of  viscous  consistency;  nevertheless  In  the  first  days  the 
effectiveness  of  the  surfaces  treated  with  chlorophos  is  the  highest.. 
The  insecticidal  effectiveness  of  surfaces  treated  with  aqueous 
solutions  of  chlorophos  is  maintained  for  15-20  days  depending  upon 
the  temperature  and  meteorological  conditions.  It  Is  necessary 
to  note  that  the  question  concerning  the  physical-chemical  state 
(amphoteric  or  crystalline)  in  which  Insecticides  are,  effective 
has  still  not  been  resolved.  Moreover,  the  higher  vapor  tension 
of  chlorophos  In  the  viscous  state.  In  conformance  with  physical- 
caemical  laws,  ensures  their  best  dissolubility  In  the  cuticle  of 
the  Insect. 


f  i  Chlorophos  readily  dissolves  In  water;  it  Is  used  to  treat 

external  surfaces  of  buildings  In  the  warm  season,  wlien  precipitation 
In  the  form  of  rain  falls  rarely;  In  places,  where  precipitation 
falls  frequently,  chlorophos  is  used  to  treat  surfaces  protected 
by  roofs,  the  inside  of  premises,  the  Inside  of  medical  Installations, 
etc . 


Chlorophos  solutions  are  unsuitable  for  Impregnating  soft 
objects,  especially  frequently  washed  fabrics  because  the  preparation 
dissolves  in  the  water  and  is  washed  out. 


Aqueous  solutions  of  chlorophos  are  best  suited  for  treating 
surfaces  which  do  not  absorb  or  only  slightly  absorb  water  (glass, 
tile,  linoleum,  surfaces  painted  with  oil  paint,  to  a  lesser 
extent  tnose  covered  with  wnitewasi^  plastered  surfaces)  on  which 
the  preparation  retains  (up  to  30  days)  Its  residual  toxic  action 
for  a  long  time.  The  addition  of  terphenyl  or  other  prolongantors 
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Increases  the  period  of  action  of  chlorophos  on  surfaces  (D.  Ye. 

Qenls,  V.  P.  Dremova,  I.  V.  Gvozdeva). 

It  is  not  expedient  to  treat  with  aqueous  solutions  of  chlorophos 
water-absorbent  surfaces  -  unpajnted,  wooden,  adobe. 

On  all  the  enumerated  surfaces  chlorophos,  when  applied  in 
a  fine  spray,  does  not  leave  spots.  Depending  on  the  character 
of  the  operations  being  carried  out  water  solutions  of  chlorophos 
are  applied  at  a  0.5-^!*  concentration.  Chlorophos  solutions 
in  organic  solvents  (dlchloroethane,  technical  oils  and  others) 
should  contain  from  0.2  to  2%  chlorophos  and  from  99*8  to  985? 
solvent . 

Disinfecting  powders  made  from  DDT  and  hexachlorane  preparations 
have  advantages  over  chlorophos  disinfecting  powders.  If  the 
former  can  be  stored  for  a  long  time  (several  years),  then  chlorophos 
disinfecting  powders  (5-105?  with  talc  as  a  filler)  when  stored  in 
paper  or  fabric  packing  (sacks)  lose  in  the  course  of  2  years 
insecticidal  properties  within  the  limits  of  20-305?,  but  when 
stored  in  a  glass  Jar  for  3  years  the  insecticide  properties  do 
not  vary . 

Disinfecting  powder  is  the  most  effective  form  for  the 

application  of  chlorophos.  Thanks  to  the  fact  that  particles  of  | 

the  disinfecting  powder  lie  freely  on  treated  surfaces,  they  I 

easily  adhere  to  insects,  as  a  result  of  which  their  destruction 

is  ensured  even  after  30  seconds  of  contact  with  preparation 

2 

deposits  in  an  amount  of  0.5  g/m  .  In  those  experiments  in  which,, 

the  time  contact  of  the  flies  was  extended  to  5-10  minutes,  a  . 

high  level  of  Insect  death  (90-1005?)  was  observed  when  chlorophos. 

2 

was.  used  at  a  rate  of  0.05  and  0.1  g/m  . 

On  absorbent  surfaces  (wood,  wallpaper)  where  aqueous  solutions 
of  chlorophos  are  ineffective  the  application  of  disinfecting  powders 
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is  necessary  and  when  the  Insecticide  is  expended  at  a  rate  of 
2 

0.1-0. 3  g/ra  it  ensures  the  complete  destruction  of  flies  after 
5  minutes  of  contact.  The  effectiveness  of  chlorophos  disinfecting 
powder  applied  on  wood  and  wallpapered  surfaces  is  almost  identical 
(K.  D.  Stepanov). 

Moreover,  on  vertical,  wallpapered  surfaces,  a  sufficient 
amount  of  the  preparation  remains,  which  ensures  complete  destruction 
of  the  flies  coming  in  -ontact  with  them  for  5  minutes. 

The  insecticidal  activity  of  chlorophos  applied  in  the  form 
of  a  solution-suspension  on  porous,  absorbent  surfaces  is  considerably 
greater  than  when  aqueous  solutions  of  the  preparation  are  used. 

When  a  solution-suspension  is  used  it  is  necessary  to  stir 
or  a^;ltate  it  constantly  since  the  powder  rapidly  settles  to  the 
bottom. 

The  results  of  observations  showed  that  the  insecticidal 
properties  of  chlorophos  preparations  applied  on  various  surfaces 
are  retained  for  a  more  or  less  prolonged  period  of  time  and  depend 
on,  besides  the  physico-chemical  properties  of  the  preparation, 
on  the  number  of  conditions  under  which  it  is  applied. 

Of  great  importance  in  preserving  the  residual  action  of  the 
chlorophos  is  the  amount  of  insecticide  applied  on  a  surface,  and 
also  its  form  of  application.  Thus,  for  example,  in  the  form  of 
a  disinfecting  powder  the  duration  of  the  insecticidal  action  of 
chlorophos  is  greater  than  in  the  form  of  an  aqueous  solution  and 
by  increasing  the  pre,jaratlon  dose  its  action  on  surfaces  is 
prolonged. 

Considerable  influence  on  the  duration  o*‘  resid'.al  action  is 
rendered  by  air  temperature  and  solar  radiation.  Under  conditions 
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of  room  temperature  (19-20®)  the  insecticidal  effect  of  chlorophos 
is  retained  for  2-3  weeks,  at  a  temperature  of  2-3®  up  to  3  months, 
and  at  a  temperature  of  28-30®  -  for  6-7  days.  Thus,  when  the 
temperature  of  the  ambient  air  is  increased  the  duration  of  the 
residual  action  of  chlorophos  Is  decreased. 


The  effectiveness  of  the  preparation  with  respect  to  Insects 
Increases  with  temperature  Increase.  Thus,  for  example,  the  same 
dose  of  chlorophos  (0.005  g/m  ),  when  experiments  are  conducted 
under  room  conditions  with  a  temperature  of  25-26®,  kills  70% 
of  the  flies  whereas  at  a  temperature  of  19-20®  only  30-^0^  of  the 
flies  die. 

0 

The  effect  of  ultraviolet  rays  on  surfaces  treated  with  chlorophos 
preparations  Is  pne  of  decreasing  its  effectiveness.  Thus*  for 
example.  Irradiation  by  an  ultraviolet  lamp  of  15  W  placed  at  a 
distance  of  40  cm  from  surfaces,  on  which  0.4  g/m*"  ijf  chlorophos 
disinfecting  powder  has  been  applied  decreases  Its  Insecticidal 
action  by  10-l6j<  after  5  days  and  by  25%  after  6  days  of  irradiation. 

By  the  10th  day  of  irradiation  the  effectiveness  of  chlorophos 
on  given  surfaces  approaches  zero,  whereas  the  duration  of  the 
I  residual  action  of  chlorophos  disinfecting  powder  under  the  same 
;  conditions  without  the  influence  of  ultjravlolet  rays  Is  preserved 
for  20  days. 

The  application  of  aerosols  Is  one  of  the  effective  methods 
of  using  Insectl'^ldes  to  combat  flies,  gnats,  mosquitoes,  moths, 
and  also  Agricultural  pests. 

A  comparison  of  the  results  of  testing  chlorophos  aerosols 
obtained  by  burning  aerosol  paper,  tablets  and  pots,  showed  that 
their  insecticidal  activity  was  almost  identical.  In  all  cases 
a  high  level  of  house  fly  extermination  (90-100J{)  Is  attained  ffrpm^ 
aerosols  wltn  an  expenditure  of  0.05  g  of  preparation  per  m^  of 
air. 
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Surfaces  after  chlcrophos  i;j  applied  to  them  In  the  form  of 
aerosols  retain  their  Insecticidal  properties  for  24  hours.  Thus, 
It  Is  expedient  to  apply  chlorophos  aerosols  for  the  production 
of  an  acute  effect  with  respect  to  flying  Insects. 


In  combating  files,  food  baits  containing  Insecticides  are 
widely  applied. 

Observations  show  that  baits  containing  chlorophos  are  an 
effective  method  of  controlling  files.  All!  methods  of  applying 
baits  (scattering  granulated  baits,  treating  surfaces  with  liquid 
bait,  hanging  up  cords  and  gauze  screens  Imjpregnated  with  bait, 
and  also  setting  out  vessels  containing  bait  and  others)  are  highly 
effective  (V.  I.  Vashkov,  Ye.  V.  Shnayder). 

A  study  of  the  Insecticidal  activity  of  chlorophos  with  respect 
to  the  preimaginal  stages  of  house  fly  dev'elopment  showed  that 
this  preparation  has  a  toxic  action  on  all  the  stages  of  their 
development  (V.  I.  Vashkov,  Ye.  V.  Shnayder,  N.  P.  Kulklna). 

Its  insecticidal  (larvicldal)  action  on  fly  larvae  and  pupae 
appears  both  as  a  result  of  direct  contact  with  the  cuticle  Insects, 
and  also  as  a  result  of  its  getting  into  the  resplT’atory  tract 
In  the  forjri  of  vapors. 

Chlorophos  has  an  injurious  effect  (ovlcidal)  on  fly  eggs 
when  tliey  pre  submerged  In  a  O.lli  aqueous  solution  for  30-60 
minutes,  bn  a  humid  substrate  in  the  presence  of  chlorophos  the 
hatciiing  larvae  also  die  rapidly  (Ye.  V.  Shnayder). 

V/iien  chicks  drinking  wa’-er  wltn  a  pH  <  7  and  containing  13C 
ing/t  of  chlorophos  fly  larvae  did  not  develop  In  their  feces. 

When  the  pli  of  the  water  was  increased  to  3  this  effect  was  not 
observed  (Sherman).  Abroad  after  3-5  years  of  continuous  dipterex 
employment  reports  began  to  appear  concerning  the  development  of 
a  specific  resistance  among  Insects,  mainly  among  flies,  ticks 
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and  mites.  In  Denmark  after  3  years  of  application  of  dipterex 
the  resistance  of  flies  Increased  by  ^0  times,  in  the  United 
States  the  resistance  of  larvae  to  this  preparation  after  4  years 
was  Increased  by  5-20  times. 

Chlorophos  possesses  high  insecticidal  activity  with  respect 
to  fleas.  After  a  single  application  of  3-24  g  of  2.55^  chlorophos 
disinfecting  powder  on  dogs  and  cats  the  residual  action  was 
retained  for  5-11  days,  and  with  a  double  application  —  14-19 
days. 

In  combating  rat  fleas  good  results  were  obtained  by  treating 
surfaces  with  a  IJl  aqueous  solution  at  a  rate  of  40  mi/m  . 

With  such  treatment  the  effectiveness  is  preserved  for  35  days. 
Disinfecting  powders  and  aerosols  are  also  highly  effective  in 
combating  fleas. 

Body  lice  are  the  least  sensitive  to  chlorophos  as  compared 
to  other  a^rthropods  (fly,  fleas,  bugs,  cockroaches,  ticks,  mites 
and  other).  In  combating  pediculosis  in  practice  chlorophos  can 
be  applied  only  with  respect  to  the  imago  by  dusting  with  5^ 
disinfecting  powder  the  upper  clothes  or  bed  appurtenances  (blankets, 
mattresses)  and  by  beating  out  the  powder  after  1-2  hours. 

I 

Bed  bugs  are  very  sensitive  to  ch^rophos.  Thus,  for  example, 
they  are  1.7  times  more  sensitive  to  chlorophos  than  flies. 
Cockroaches  are  also  highly  sensitive  to  this  preparation.  In 
its  Insecticidal  effect  on  cockroaches  chlorophos  exceeds  DDT, 

Chlorophos  preparations  possess  high  insecticide  activity 
with  respect  to  winged  mosquitoes.  Thus,  for  example,  after  being 
in  contact  for  5  minutes  with  surfaces  treated  with  tne  disinfecting 
powder  at  a  rate  of  0.025  g  of  preparation  per  m^,  the  mortality 
rate  of  the  Insects  on  the  average  reaches  9655.  A  high  effectiveness 
of  chlorophos  is  also  noted  in  combating  mosquito  larvae:  at  a 


concentration  of  0.00005^/0.5  g/m^  (In  shallow  reservoirs  or 
irrigating  ditches)  it  causes  complete  destruction  of  the  larvae. 

Chlorophos  is  as  safe  for  fish  as  thiophos  (parathlon),  at 
concentrations  from  1  to  10  parts  per  million,  therefore  when 
this  preparation  is  used  to  combat  mosquitoes  it  does  not  presert 
a  danger  to  fish. 

Chlorophos  with  respect  to  the  sand  flies  Phlebotomus 
papatasii  in  its  insecticidal  properties  is  not  inferior  to  DDT. 

The  high  acaricidal  properties  of  chlorophos  make  it  possible  to 
recommend  it  for  the  extermination  of  various  forms  of  ticks  and 
mites. 

In  connection  with  the  fact  that  chlorophos  possesses  bacteri¬ 
cidal  properties,  5!!  aqueous  solutions  of  it  along  with  its 
application  to  combat  Insects  can  also  be  used  for  the  purpose 
of  disinfecting  surfaces  and  excretions.  The  application  of 
chlorophos  solutions  to  carry  out  prophylactic  disinfection  and 
disinfestation  has  great  promise  because  conform  bacterium 
[Escherichia  coll],  dysentery  bacillus,  winged  flies  and  their 
larvae  die  simultaneously.  This  circumstance  acquires  especially 
great  significance  in  cases  of  carrying  out  of  prophylactic 
disinfection  of  medical  units  in  public  places,  l.i  particular  there, 
where  outhouses  are  still  employed.  Chlorophos  does  not  affect 
spcre  types  of  micro-organisms  (V.  I.  Vashkov,  T.  S.  Nekrasova). 

The  application  of  chlorophos  in  combating  animal  ectoparasites. 
Because  the  toxicity  of  chlorophos  is  not  high,  it  is  used  to 
treat  animals  for  the  purpose  of  protecting  them  from  Insect 
infestation. 

In  experiments  on  cattle  it  has  been  shown  that  chlorophos 
is  an  effective  agent  for  combating  warble  fly  larvae  both  as  a 
systemic  and  as  a  contact  poison,  and  in  doses  of  10-20  mg/kg 
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it  is  harmless  for  anlnjals.  Subcutaneous  injections  of  a  10? 
aqueous  solution  of  chlorophos  $it  a  rate  of  10-15  mg/kg,  and  also 
the  external  application  of  a  5'flO?  solution  for  treating  the 

i  :  i  • 

ajiimals  killed  98-100?  of  the  warble  fly  larvae.  Moreover,  the 
abthors  confined  that  milk  obtained  from  cows  treated  with  chlorophos 
was  harmless  to  animals  (mice).' 

A  larger  dose  of  chlorophos  (50  mg/kg)  when  administered 
subcutaneously  causes  in  bull-calves  mild  suppression  of  the 
general  state  for  1-2  days,  and  a  dose  of  70  mg/kg  1-3  hours  after 
the  injection  causes  severe  excitation,  alternating  with  suppression 
and  debility,  passing  within  6  days  without  a  trace. 

Positive  results  have  been  obtained  with  the  subcutaneous 
anc(  external  administration  of  chlorophos  when  it  is  used  hypo- 
derj^^osls,  (V.  A.  Kolyakov,  A.  P.  Komarin,  D.  F.  Loginov). 

One  of  the  ways  of  secreting  chlorophos  from  the  organism 
of  animals  after  the  subcutaneous  introduction  of  20  mg/kg  of  the 
preparation  is  in  the  milk,  which  is  toxic  to  flies,  but  clinically 
harmless  to  white  mice.  Furthermore,  by  a  biological  test  (the 
feeding  of  flies  with  the  blood  of  animals,  which  have  obtained 
0.02  g/kg  of  the  preparation  subcutaneously)  it  was  established 
that  chlorophos  is  retained  in  the  blood  of  animals  for  a  period 
of  10  days. 

The  investigations  of  D.  V.  Savel'yev  on  the  most  improved 
[perfected]  of  combating  warble  flies  on  reindeer  showed  the  highly 
effective  action  of  chlorophos  for  treating  animals  both  for  the 
imaginal  and  also  for  the  preimaginal  stages  of  this  insect.  On 
the  basis  of  his  own  investigations  the  author  Indicates  that 
after  abundant  wetting  of  the  skin  with  1-2?  aqueous  solutions  of 
the  preparation,  placing  drops  in  the  eyes,  and  also  after  the 
atomization  of  disinfecting  powder  in  the  nose  these  injurious 
symptoms  were  no  longer  noted  in  the  animals. 
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The  experiments  of  N.  V.  Vobllna  on  the  larvae  of  the  nose 
botfly  of  reindeer  showed  that  a  1?  aqueous  solution  of  chlorophos 
In  laboratory  experiments  kills  the  first  stage  larvae  after 
24-36  seconds.  Analogous  data  were  obtained  by  D.  P.  Loginov. 
Treating  the  nasal  cavity  with  chlorophos  solutions  at  test  ^ 

concentrations,  according  to  the  author,  did  not  cause  pathological 
aberrations.  I.  S.  Ivashkov  applied  15  mg/kg  of  chlorophos  to 
treat  parascarldosls  of  horses  without  harming  them.  Other  authors 
also  obtained  good  results  In  studying  the  possibility  of  using 
chlorophos  to  combat  animal  ectoparasites. 


A  cutaneous  application  of  a  3%  chlorophos  solution  Is  used 
to  combat  the  warble  fly  by  moistening  the  Individual  tumors.  If 
there  are  only  a  few  of  them  on  the  body  of  the  animal  (for 
example,  up  to  five),  or  an  affected  surface  of  the  animal  body  — 
back,  chest,  croup,  neck,  etc..  If  the  tumors  are  numerous.  After 
the  v/ettlng  the  solution  Is  immediately  rubbed  into  the  skin  with 
a  stiff  brush  or  (In  treating  an  animal  soon  after  shedding) 
with  a  wad  of  cloth. 


The  application  of  chlorophos  to  combat  the  warble  fly  by 
cutaneously  treating  animals  does  not  have  a  prophylactic  action, 
but  yields  a  highly  therapeutic  effect. 


According  to  A.  I.  Zotov  and  Sh.  A.  Mkrtchyan,  who  carried 
out  measures  against  warble  fly  larvae,  double  treatment  of  the 
animals  with  a  warm  (37®)  4?  aqueous  solution  of  chlorophos 
(50-100  mi  per  animal)  caused  the  disappearance  of  small  tumors; 
the  dried  larvae  were  drawn  out  of  the  large  tumors. 


With  hypodermatosls  in  cattle  D.  K.  Polyakov,  I.  S.  Ivashkov, 
K.  P.  Andreyev  and  others  consider  that  for  cutaneous  treatment 
of  the  animals  a  3?  chlorophos  solution  is  the  most  effective; 
in  second  place  in  effectiveness  the  authors  place  a  1.5J»  aqueous 
solution  of  chlorophos  with  the  addition  of  li^  OP-7  emulsifier. 
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Chlorophos  is  used  subcutaneously  only  for  treating  young 
steers  up  to  2  years,  but  only  for  severe  warble  fly  infestation. 
For  emaciated  young  steers  injections  are  contraindicated  and  they 
are  treated  cutaneously. 

For  injection  a  lOJt  chlorophos  solution  is  used.  As  a 
solvent  distilled,  snow  or  rain  water  is  used.  The  snow  or  rain 
water  is  first  filtered  and  then  sterilized  by  boiling  for  30 
minutes. 

With  respect  to  ixodold  ticks  the  investigations  of  M.  G. 
Khatln,  V.  Semenov,  Sh.  A.  Mkrtchyan  showed  that  the  treating 
animals  with  1-2?  aqueous  solution  of  chlorophos  provides  a  good 
acarlcldal  effect.  The  addition  OP-7  e.r’'.lsifler  to  aqueous 
solutions  of  chlorophos  helps  Increase  its  activity  for  treaitlng 
animals.  When  3-5?  aqueous  solutions  are  used  the  residual 
effectiveness  after  creating  cows  and  horses  is  retained  for 
8-13  days  (Yu.  N.  Pll'shchlkov). 

When  the  preparation  is  applied  with  a  pipette  to  ticks 
taken  from  animals,  paralyses  In  the  majority  of  arthropods  ensues 
within  20  minutes  and  death  —  within  30  minutes. 


Abroad  it  was  demonstrated  that  an  application  of  a  suspension 
or  a  1?  aqueous  solution  of  the  preparation  Bayer-L-13/59  by 
rubbing  it  into  the  back  of  animals  with  a  brush  results  in  the 
death  of  all  the  ,arvaei  when  a  0.5J^  solution  was  used  91X  of 
the  larvae  died.  But  it  is  necessary  to  note  that  these  data 
were  obtained  by  the  authors  in  experiments  on  only  two  animals 
(Ye.  I.  Pokrovskaya). 

V.'ith  the  introduction  into  food  of  10  mg/kg  of  chlorophos 
in  the  form  of  soluble  powder  for  a  period  of  10  days  there  was 
observed  the  death  of  S9%  of  the  larvae  of  the  hypodermls.  Some 
of  the  animals  refused  to  eat  food  containing  chlorophos.  The 
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preparation  did  not  evidence  any  toxic  effect;  there  was  noted 
however,  a  certain  suppression  of  blood  cholinesterase. 

In  a  stU|dy  of  Its  systemic  action  for  animals  the  mortality 
rate  of  bed  bugs  and  ticks  of  genus  Amblyomma  was  ascertained. 

In  treating  birds  to  combat  ectoparasites  3-^  E  of  5/5 
disinfecting  powder  of  the  preparation  Bayer-L-13/59  were  used 
per  bird. 

When  3-^  g  of  1%  chlorophos  disinfecting  powder  were  applied 
per  bird  to  combat  the  northern  bird  tick  Ornithonlssus  sylvlarum 
good  results  were  attained.  A  single  application  of  chlorophos 
provided  a  positive  effect  for  up  to  28  days.  Moreover  In  the 
chicicen  coop  as  a  result  of  the  treatment  almost  complete  e::terminatlon 
of  the  ticks  was  obtained  (Knapp,  B.  A.  Frolov). 

M.  A.  Kolotln  showed  that  the  spraying  of  a  0.5^  aqueous  iolutlon 
of  chlorophos  was  completely  harmless  to  the  hens  located  In  the 
treated  chicken  coops  at  the  same  time  it  was  an  effective  meeuis 
of  destroying  of  the  fowl  tick. 

For  the  water  fleas  Daphnla  magna  is  equal  to  gammas 

per  i:  for  chlorophos  0.4,  for  parathion  1.8,  for  diazlnone  2.5, 
for  laalathlon  3.0,  for  chlorothlon  4.2,  for  DDT  15*0,  for  systox 
20,  for  enurin  39,  for  toraphene  15-5,  for  heptachlor  200,  for 
thlodane  220,  for  dieldi-ln  230,  for  aldrin  270,  for  metasystox  440, 
for  lindane  720. 

The  application  of  chlorophos  to  control  pests  of  agricultural 
crops.  In  the  area  of  agriculture  chlorophos  was  tested  against 
pests  of  fruit  trees,  cotton,  etc.  It  was  determined  that  the 
preparation  penetrates  into  the  tissue  of  plants  and  acts  on 
arthropods  as  an  intestinal  and  contact  poison. 
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Chlorophos  solutions  of  0.025  and  0.05%  cause  the  complete 
destruction  of  19  forms  of  harmful  lepidopterous  Insects j  application 
of  solutions  at  that  same  concentration  gives  go(^d  results  against 
7  forms  of  aphldae  and  mites.  The  preparation  possesses  a  crntact 
and  Intestinal  actlonj  and  the  latter  Is  60  times  stronger  than  the 
contact  action. 

For  control  -rosophlla  files  on  tomato  plantations  spraying 
was  carried  out  with  bait  containing  0.19S  of  the  preparation 
Bay er-L-1 3/59 i  10 J  molasses,  1%  vinegar  and  0.1  dry  yeast,  which 
provided  good  results  for  8-1^  days. 

In  combating  pests  of  pear  trees  chlorophos  as  we|ll  as  other 
preparations  (dlazlnone  separately  and  In  a  mixture  with  DDT,  ‘ 
thlnet),  did  not  yield  positive  results. 

Aqueous  solutions  of  chlorophos  can  be  used  for  treating 
vegetation.  If  Instead  of  water  other  solvents  are  used,  ijfhlch 
frequently  occurs  In  combating  agricultural  pests  (mosquitoes, 
gnats  and  mites),  then  It  Is  necessary  to  consider  the  phytocldal 

effect  of  the  solvent.  • 

# 

Chlorophos  In  the  form  of  the  preparation  tugon  has  found 
application  against  a  number  of  harmfuU  jlnsects  In  the  hothouse  and 
forest  economy,  and  also  In  cotton  growing.  The  preparation, 
penetrating  Into  the  leaves,  stems  and'^ults  of  plants,  acts  on 
sucking  and  gnawing  Insects:  files  die  within  a  minute  of  the 
poison  getting  Into  their  organism;  caterpillars  and  beetles  upon 
consuming  the  poison  also  die  within  a  very  short  time  (N.  M. 

Gamper,  N.  S.  Vladimirskaya). 

Chlorophos  solutions  at  IX  concentration  are  toxic  to 
poplar  trees,  black  currant  trees,  rasberry  bushes,  apricot  trees, 
beet  and  tomatoe  plants;  to  apple  trees,  potatoe  plants  and  carrots 
chlorophos  Is  toxic  In  a  3iK  solution,  and  for  cherry  trees,  plum, 
pear,  oak  trees,  and  corn  -  at  %%  solution. 

;Tf;i  •  > 
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In  contrast  to  other  typical  systemic  Insecticides  (syptox 
and  metasystox)  chlorophos  does  not  possess  prolonged  residual 
action  v/hlch  Is  very  favorable  for  Its  application  In  agriculture. 

Chlorophos  la  very  effective  In  combating  such  leaf  mining 
pests,  such  as  Hyphantrla  cunca  and  Sparganotus  plllerlana. 

For  control  of  fruit  files  Steiner  recommends  bait  sprayings; 
as  an  attractant  for  these  baits  enzymatic  and  acidic  hydrolysates 
of  yeast  protein  are  used.  Besides,  according  to  the  author, 
n^alathlon  and  parathion  are  more  effective  insecticides,  for  these 
baits  than  is  diazlnone,  chlorothion,  and  the  preparations  Bayer-L- 
13/59  and  Bayer-171^7. 

After  treatment  chlorophos  Is  retained  on  lettuce  for  3  days, 
on  spinach  2  1/2-3  days,  on  beans  1-5  days  and  on  pears*  2-2  1/2 
days .  j 

Tlie  toxicity  of  chlorophos  to  warm-blooded  animals.  By  its 
mechanism  of  action  on  warm-blooded  animals  as  well  as  on  Insects, 
chlorophos  Is  an  enzymatic  poison.  In  the  action  of  organophosphorus 
compounds  on  an  animal  organism  there  occurs  hydrolysis  of  the 
phosphate  group,  however  It  still  remains  connected  to  the  enzyme, 
thus  preventing  the  Interaction  of  acetylcholine  with  cholinesterase. 


The  pathoanatomlcal  picture  in  the  poisoning  of  animals  and 
people  by  phosphorus-containing  insecticides  Is  expressed  In  the 
destruction  of  the  myelin  sheath  around  certain  nerves  In  Individual 
sections  of  the  spinal  cord.  In  the  organism  there  occur  three 
types  of  reactions:  a)  constriction  of  the  respiratory  tracts  - 
bronchospasms ;  b)  disturbance  of  the  conduction  of  Impulses  from 
the  motor  nerves  to  the  muscles  carrying  out  breathing  and  others; 
c)  disturbance  of  the  genesis  of  impulses  proceeding  to  the  brain 
and  back  along  the  motor  nerves  Innervating  the  breathing  muscles. 
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These  three  reactions  of  the  organism  to  organcphosphorus  compounds 
are  expressed  in  the  affection  of  the  respiratory  function  and  the 
animal  I  dies  from  asphyxi? -  The  disturbance  of  the  Junction 
between  the  motor  nerves  and  the  muscles  occurs  as  a  result  of  the 
constant  presence  of  acetylcholine  at  the  myoneural  Junctions 
(A.  P.  Volkov,  Ye.  V.  Shnayder). 

A  favorable  property  of  the  preparation  Bayer-L-13/59  is  Its 
comparatively  low  toxicity  to  warm-blooded  animals. 

Data  about  the  toxicity  of  chlorophos  to  man,  and  also  accounts 
of  cases  of  human  polsonlnj  by  this  preparation  do  not  appear 
frequently  in  literature.  Certain  authors  affirm  that  a  lethal 
dose  of  the  preparation  Bayer-L-13/59  for  man  is  5  times  greater 
than  a  lethal  dose  of  DDT. 

Lebrun  conducted  experiments  studying  the  tci.iclty  of  chlorophos 
to  people  —  volunteers. 

The  latter  were  orally  administered  7.5  mg/kg  each  day  for 
several  days  (a  total  dose  of  1050  rag  per  person  with  a  weight  of 
70  kg)i  of  the  15  men  taking  part  in  the-  experiment,  only  one 
manifested  nausea  and  colic  and  for  this  he  was  given  1  mg  of 
atropine,  as  a  result  of  which  these  symptoms  vanished. 

We  know  of  a  case  of  poisoning  of  a  25-year  old  woman  who 
took  100  g  of  chlorophos  in  attempting  to  conmilt  suicide.  After 
5-6  minutes  she  began  to  vomit.  Her  state  of  being  began  to 
deteriorate.  After  about  3  hours  she  was  taken  to  a  hospital; 
she  was  admitted  with  complaints  of  stomach  pain,  nausea,  vomiting 
^and  bU  unpleasant  sensation  in  the  cardiac  region.  The  condition 
of  the  patient,  according  to  the  description  of  the  attending 
physician,  was  severe;  she]  was  pale  but  conscious.  The  heart 
tones  were  good  but  somewhat  muffled.  The  pulse  rate  was  84  beats 
per  minute  rhythmic  with  weak  filling  and  satisfactory  tension. 


In  the  luncs  the  breathing  vesicular.  The  stomach  was  soft,  acutely 
painful  upon  palpation.  Urination  was  not  disturbed.  In  the 
hospital  her  stomach  was  pumped  and  she  was  given  a  saline  purgative. 
Syiiipto;iiatlc  treatment  was  conducted. 

On  the  3rd  day  spasms  started;  the  condition  of  the  patient 
was  Inhibited,  she  responded  to  questions  hesitantly.  After  5 
days  her  condition  began  to  Improve  and  after  11  days  she  was 
sent  home  In  satisfactory  state- 

After  placing  drops  of  a  1-3%  chlorophos  solution  In  the 
eyes  of  rabbits  irritation  of  the  mucous  membrane  was  not  observed; 
a  te;apoi‘ary  contraction  of  the  pupil  was  noted.  The  application  of 
a  f)-10?  solution  caused  Inf  lamination  of  the  eyes,  which  passed  within 
a  day. 


D.  V.  Savel’yeva  also  noted  that  the  placing  of  drops  of 
a  1-2%  aqueous  solution  of  chlorophos  in  the  eyes  of  reindeers 
did  not  cause  noxious  symptoms  in  the  animals. 

According  to  the  data  of  I-J.  A.  Sazonova,  A.  P.  Volkova  and 
T.  P.  Kazakova,  tha  app].lcation  of  chlorophos  leads  to  a  considerable 
reduction  in  choli..estsras'3:  activity. 

Beliey  and  his  colleagues  studied  the  toxicity  of  dlpterex 
to  people;  In  the  experiments  37  volunteers  participated  In  7 
of  bliOiii  In  the  course  of  2  days  doses  of  5d0  mg  did  not  cause 
syi.'iptoms  of  poisoning.  In  13  of  21  people,  who  each  received  1  g 
of  the  preparation  per  day  In  the  course  of  2  days  and  In  9  who 
received  1.32  g  dally  for  2  days,  more  or  less  severe  pains  were 
noted  In  their  intestines. 

Clinical  and  biochemical  Investigations  of  the  basic  functions 
of  the  organism  did  not  show  any  variations  as  a  result  of  tha 
effect  of  this  preparation,  with  the  exception  of  a  significant 
reduction  of  the  level  of  the  activity  of  blood  cholinesterase,  which 
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also  was  the  cause  of  sastrointestlnal  symptoms.  The  authors 
emphasized  that  these  symptoms  although  they  were  acute  in  certain 
cases,  their  severity  was  minor,  and  they  did  not  leave  aftereffects. 


The  cases  of  poisoning  with  organophosphorus  compounds  described 
In  literature,  as  a  rule,  appeared  as  a  result  of  the  application 
without  any  measures  of  such  highly  toxic  Insecticides  as  thlophos 
and  [TEPP]  (TBII®),  (Chamberlain). 

The  specific  antidote  for  poisoning  with  organophosphorus 
compounds  is  atropine.  The  administration  of  cholinolytic  preparations 
(tropacine,  penetaphene)  prevents  the  subsequent  development  of 
poisoning.  In  mild  cases  of  poiconing  with  phosphorus  preparations 
the  administration  of  2  mg  of  atropine  is  recommended,  and  In 
severe  cases  ^-6  mg.  For  acute  spasms  the  application  of  barbiturates, 
ether  and  chloropromazine  Is  recommended.  The  adminlstraclon  of 
morphine  is  categorically  contralndicted  because  It  has  a  suppressing 
effect  on  the  breathing  center. 

In  poisoning  with  alkyl  phosphate  Insecticides  atropine  is 
only  a  symptomatic  antidote.  As  a  result  of  Investigations  by  the 
author  the  best  antidote  turned  out  to  be  2-pyrldine  aldoxlme 
methlodlde  ([PAMJ  (IIAM)).  The  most  effective  therapy  for  treating 
poisoning  with  phosphorus  preparations,  according  to  the  author, 
is  the  carrying  out  of  the  following  regimen:  artificial  respiration, 
inhalation  of  oxygen,  the  Injection  of  atropine  In  complete  and 
repeated  doses  according  to  the  clinical  Indications,  the  administration 
of  PAM  symptomatic  therapy. 

Due  to  the  considerably  expanded  application  of  organophosphorus 
Insecticides  for  combating  Insects  It  Is  necessary  when  working 
with  these  preparations  to  observe  precautionary  measures,  which 
Include  compulsory  use  of  respirators,  thorough  washing  of  the 
hands  with  soapohm,  correct  handling  of  the  preparations  and  storing 
them  In  a  separate  place. 
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To  protect  the  respiratory  organs  It  Is  possible  to  use 
brand  "A"  gasmask  cylinders  and  C5-*il6  respirators,  for  protecting 
the  Integuments  -  rubberized  and  other  fabrics  with  water-reslstent 
properties.  For  decontaminating  organophosphorus  insecticides  when 
they  get  on  the  skin  and  clothing  the  application  of  a  3-5% 
ammonia  solution,  and  a  2-5%  chloramine-B  solution  Is  recommended. 
Airing  out  the  clothing  is  also  considered  very  Important.  To 
decontaminate  organophosphorus  compounds  spilled  on  a  floor  or 
on  the  ground.  It  Is  possible  to  use  20?  chlorinated  lime  milk. 

Although  chlorophos  possesses  relatively  mild  acute  toxicity 
Its  chronic  toxicity  to  man  Is  rather  significant,  therefore 
when  working  with  It  It  Is  necessary  to  apply  measures  against 
poisoning.  For  this  purpose  It  is  necessary  to  determine  the 
cholinesterase  level  quarterly  for  those  people  working  wllth 
organophosphorus  Insecticides i  workers  whose  chollensteraae  level 
Is  lower  than  50?  of  the  normal  should  be  relieved  from  work. 

ouch  regular  examinations  are  not  possible  (for  example,  in 
carrying  out  dlslnfestational  treatments  In  Isolated  regions  of 
a  rule  district),  then  to  prevent  poisoning  it  Is  necessary  not 
to  permit  too  prolonged  contact  of  the  workers  with  organophosphorus 
compounds.  In  connection  with  this  the  alternation  of  work  with 
Insecticides  Is  recommended:  2  months  with  organophosphorus  and 
2  months  with  other  chemical  groups  or  a  2  months  shift  to  other 
work,  however,  it  Is  also  necessary^  to  check  the  effect  of  other 
insecticides  on  the  human  organism.  Thus,  Bruce  established  that 
DDT,  with  which  39  men  worked,  caused  a  variation  in  their  cholines¬ 
terase  level  by  23  units  from  the  normal.  Therefore,  thos#» 
people  working  with  organophosphorus  compounds  should  not  be 
transferred  to  v/orKlrig  with  DDT  and  vice  versa. 

Chlorothlon 


Chlorothlon  -  Cgli^Clh’O^PS  -  O-O-chloro-^J-nltrophenyD-O.O- 
d Imct  hy 1- 1 hlophosphat  e 
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Synonyms:  nayer-22/190;  0,0-c[lmethyl“0“3-chloro-4-nitro- 
phenylthlophosphate ,  p-nltro-m-chlorophenyl-dlmethyl-thlophosphate . 

The  liquid  Is  a  yellowlsh-hrown  color  with  a  characteristic 
etherTllke  odor.  The  boiling  point  Is  112®  at  0.04  mm  Hg,  121® 
at  0.00  mm  Hg.  Its  specific  gravity  . Is  1.437;  the  refractive 
Index  Is  I.566I;  the  vapo'  pressure  at  10®  Is  7  *  lO”^  mm  Hg,  at 
20®  22.10"^  mm  Hg.  Its  volatility  at  20®  Is  0.07  mg/m^,  at  30® 

0.3  mg/m^,  at  40®  0.95  mg/m^.  It  Is  slightly  soluble  In  water 
(1  part  per  25,000  parts);  It  dissolves  readily  In  organic  solvents, 
for  example  In  benzene,  alcohols,  ether,  fats,  In  olive  oil.  In 
peanut  oil.  It  Is  slightly  soluble  In  petroleum  ether.  In  an 
alkaline  medium  It  Is  rapidly  hydrolyzed.  It  Is  unstable  upon 
dilution  In  water  with  a  pH  of  7.5. 

Like  metaphos  It  Is  hydrolyzed  under  certain  conditions;  It 
Is  incompatible  with  Bordeaux  liquid  and  sulfur  preparations;  it 
Is  compatible  with  DDT,  lindane,  dissolved  sulfur.  Prom  chlorothlon 
there  are  prepared  a  25!!  wettable  powder  ana  a  3J!  disinfecting 
powder.  According  to  L.  Lewallen  the  for  the  house  fly  Is 

0.33  wg  per  insect  for  Fanla  canlcularls  0.022  wg  per  insect.  With 
respect  to  its  insecticidal  properties  for  the  house  fly  It  is 
approximately  100  times  stronger  than  heptachlor  20  times  stronger 
than  methorychlor  and  somewhat  weaker  than  dlazlnone.  Its  toxicity 
to  larvae  of  the  Anopheles  quadrlmasulatus  mosquito  Is  less  than 
thiophos  carbophos  and  DDT.  In  the  presence  of  0.005  mg/l  of 
chlorothlon  In  water  44?  of  the  Anopheles  larvae  die. 

In  combating  flies  1-2?  solutions  of  the  preparation  In  sugar 
bait  are  used.  To  exterminate  files  of  suspension  and  emulsions 
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of  the  preparation  are  applied  on  surfaces  of  various  construction. 
Chlorothlon  at  a  rate  of  250  g/ha  Is  ilso  used  to  destroy  Anopheles 
and  Aedes  mosquitoes.  It  Is  used  to  destroy  bed  bugs*  cockroaches 
and  other  arthropods  at  a  concentration  of  l-2iK.  Basically 
chlorothlon  Is  used  In  combating  pests  of  agricultural  plants. 

Its  toxicity  to  warm-blooded  animals  Is  lower  than  chlorophos. 

Thus,  accoralng  to  source  material,  the  LD^q  for  rats  with  oral 
admlnlf-tratlon  for  males  Is  880  fng/kg,  for  females  -  980  mg/kg, 
and  when  applied  on  the  skin  —  approximately  4000  mg/kg. 
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CHAPTER  VI 


CARBAMATES 

In  1951-1952  there  was  first  synthesized  In  Switzerland  a 
number  of  carbamates  possessing  Insecticidal  properties:  dlmetan, 
pyrolan,  Isolan.  At  the  present  time  It  has  been  established 
that  approximately  70  carbamates  possess  Insecticidal  activity, 
and  sevin  enjoys  the  greatest  popularity. 

The  insecticidal  specificity  of  the  carbamates  depends  on  the 
nature  of  the  aryl  group  -  an  approximately  linear  connection  Is 
noted  between  the  logarithm  of  the  toxicity  of  the  preparations 
for  flies  and  cholinesterase  suppression.  Carbamates  have  been 
studied  as  inhibitors  of  chollnesterasie  In  the  brain  and  poisons 
for  fly  Imagoes  and  larvae  of  gnats  and  mosquitoes.  The  dimethyl 
carbamates  are  weaker  Inhibitors  (4-4o  tilmes  less)  and  les3  Insecti¬ 
cidal  than  the  methyl  carbamates  (Caslda  and  others).  Allesterase 
and  cholinesterase  are  sensitive  to  sevin,  Isolan  and  other  compounds, 
but  a  dose  causing  Inactivation  of  501  these  enzymes,  for  allesterase 
Is  approximately  10  times  greater  than  for  cholinesterase  (Plapp 
and  others). 

The  relative  Insecticidal  specificity  of  the  carbamates  almost 
completely  depends  on  the  nature  of  the  phenol  group.  The  addition 
of  plperonyl  butoxlde,  sesoxate  and  other  synergists  of  pyrethrum 
to  the  carbamates  to  a  considerable  dogxee  decrease  the  rate  of 
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(ictoxiflcation  In  connection  with  which  their  toxicity  Is  conslderab 
strengthened,  especially  for  room  files.  It  has  been  shown  that 
the  dlmethylcarbamates  are  less  reactive  than  the  methylcarbamates. 

The  carbamates  have  a  contact  and  an  Intestinal  action. 

V/lth  prolonged  use  of  the  carbamates  the  house  files  developed 
resistance  to  them.  According  to  Georghlous,  after  the  effect  for 
a  period  of  515  generations  of  methyllsopropylphenyl-N-methylcarbaroate 
and  Isolan  (l-lsopropyl-3-methyl-5-pyrazollne-dlmethylcarbam^te) 
there  was  observed  In  house  files  cross  resistance  [DDT]  (jmX)* 
methoxychlor  and  simultaneously  to  the  organophosphorus  compounds. 

A  strain  subjected  to  breeding  with  ra-lsopropylmethylcarbamate  showed 
the  presence  of  cross  resistance  analogous  to  the  aforementioned 
strains,  and,  furthermore,  cross  resistance  to  lindane  and  dleldrln. 
The  pattern  of  '-ross  resistance  under  the  effect  of  breeding  with 
the  carbamates  was  very  similar  to  the  pattern  obtained  during 
breeding  with  organophosphorus  compounds,  but  not  with  the  chlorinated 
hydrocarbons.  If  for  susceptible  files  the  CLD^q]  ( )  of 
ra-isoprophylphenyl-N-methylcarbamate  when  topically  applied  was 
equal  to  1.^-2  ug  per  Insect,  then  for  resistant  ones  this  value 
was  more  than  100  pg  per  Individual. 

ocvln  -  ’  ■ 

! 

o 

o-X-Kii-cn, 

q6 

iiynonyms:  W-methyl-alpha-naphthnaphthalcarbamate;  carrolln  and 
others.  The  preparation  Is  an  analog  of  ths  alkaloid  physostlgmlne; 

It  Is  a  white  crystalline  substance  with  a  melting  point  of  142**;  Its 
vapor  pressure  Is  less  than  0.005  mm  Hg  at  26® j  Its  density  Is 
1.232  at  20®.  The  technical  product  Is  slightly  colored;  about 
0.092  will  dissolve  In  water  or  99  parts  per  million  parts  of  wt  -er; 
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it  is  soluble  in  the  organic  solvents  (acetone,  cyclohexanone  and 
others),  it  is  resistant  to  heating,  light  and  acid  medium,  but 
hydrolyzes  in  a  highly  alkaline  medium.  Both  the  technical  product, 
and  also  the  prepared  preparation  are  stable  under  normal  conditions 
of  storage,  they  do  not  have  an  odor.  Sevin  is  a  contact  insecticide. 

Its  mechanism  of  action  is  similar  to  mechanism  of  action  of  the 
organophosphorus  insecticides.  It  suppresses  cholinesterase  and 
aliesterasei  it  quickly  kills  Insects;  it  possesses  a  considerable 
residual  action  exceeding  the  residual  toxicity  of  the  chlorinated 
hydrocarbons  and  the  phosphates  (K.  D.  Shevtsova-Shllovskaya) . 

Th?a  insecticide  can  be  used  to  combat  Insects,  which  have  developed 
resistance  to  the  chlorinated  hydrocarbons  and  phosphates.  Its 
activity  is  Increased  by  the  addition  of  a  number  of  synergists  — 
piperonyl  butoxide  (1:5),  sesoxane,  sulfoxide,  seasame  oil  and 
others;  it  is  possible  to  use  it  in  a  mixture  wltn  DDT.  The  addition 
to  sevin  of  piperonyl  butoxide  at  a  ratio  of  1:1  strengthens  its 
insecticidal  properties  by  approximately  4  times.  The  preparation 
is  produced  in  the  form  of  a  38?  concentrate,  which  is  used  for 
preparing  disinfecting  powders  (from  1.75  to  10?)  and  solutions 
(in  kerosene). 

Sevin  is  effective  in  combating  ants,  cockroaches,  moths, 
fleas,  bed  bugs,  wasps  and  other  Insects.  With  respect  to  house 
flies  it  does  not  provide  good  results;  in  combating  then  5.t  can 
be  used  with  the  addition  of  synergists,  in  particular  1  part  of 
•ictachlorodlpropyl  ester  [bis-(2,3,3>3-tetrachloropropyl)-fe8ter] 
to  CO  parts  of  carbamate. 

The  JO?  water-soluble  powder  of  sevin  is  highly  toxic  to 

mosquitoes;  after  treating  roofs  covered  with  grass,  the  insecticidal 

properties  are  preserved  for  6  weeks  (100?  mortality  rate  after* 

0 

5  minutes  of  exposure). 

When  using  2?  aqueous  or  oil  solutions  to  exterminate  common 
cockroaches  their  mortality  rate  was  noted  to  be  from  50  to  100?; 
the  best  effect  is  provided  by  the  oil  solution  -  its  effectiveness 
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Is  retained  for  15  days.  It  was  determined  that  the  duration  of 
the  residual  action  of  suspension  Is  greater  than  that  of  the  oil 
solutions.  After  treating  under  practical  conditions  premises  with 
a  55»  suspension  of  sevln  complete  destruction  of  cockroaches  was 
observed  for  a  period  of  60  days. 

Of  66  derivatives  of  carbamlc  acid  the  highest  Insecticidal 
properties  with  respect  to  lice  are  possessed  by  sevln.  Lice  die 
(LDioq)  on  fabrics  Impregnated  with  0.0025?  acetone  solutions  or 
dusted  with  1%  disinfecting  powder  of  sevinj  such  fabrics  retain 
their  insecticidal  properties  for  91  days.  Lice  resistant  to  DDT 
are  less  sensitive  and  to  sevln  than  nonreslstant  varieties. 
v;ith  the  addition  of  sulfoxfde  the  toxicity  of  sevln  to  lice  and 
their  eggs  Is  increased.  Wi; h  the  addition  plperonyl  butoxlde 
the  ovicldal  properties  are  Increased. 

Sevln  is  toxic  to  bees,  to  the  same  degree  as  DDT. 

Sevln  is  effective  when  it  Is  used  to  destroy  pests  of  stored 
products.  It  is  also  effective  with  respect  to  gai’den  and  forest 
pests.  V/hen  used  to  treat  fruit  trees  sevln  Is  absorbed  by  the 
fruits.  Thus,  for  example,  when  the  50?  wettable  powder  Is  used 
to  treat  lemon  orchards  there  was  detected  on  the  surface  of  the 
lemons  and  Inside  the  fruit  ^1.5  and  2.2  parts  per  million  on  the 
12th  day,  and  on  oranges  2.5  and  1  part  per  million;  the  duration 
of  the  retention  of  the  deposits  of  sevln  on  these  citrus  trees 
was  28  and  42  days  respectively  (mainly  on  the  surface  of  the 
fruit) . 

After  the  spraying  of  kerosene  solutions  of  sevln  from  aircraft 
to  extei-minate  agricultural  pests  the  preparation  can  be  detected 
In  the  vegetation  in  considerable  amounts.  Thus^on  the  day  of 
application  there  were  detected  30-35  parts  of  sevln  per  million; 
toward  the  8wh  day  the  deposits  reached  1.97  parts  per  million; 
toward  the  28th  day  —  0.1  and  towyc^the  49th  day  0.08-0.09  parts 
of  the  preparation  per  million.  Thus,  sevln  possesses  certain 
systemic  properties. 
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Sevin  in  the  form  of  disinfecting  powder  under  laboratory 
conditions  revealed  high  effectiveness  when  it  was  used  to  destroy 
snails  and  slugs. 


The  toxicity  of  sevin  to  fish  and  warm-blooded  animals  is 
approxlmaitely  equal  to  the  toxicity  of  DDT;  the  LD^q  for  gold  fish 
when  the  pure  preparation  is  used  is  28  pg/l  of  water,  and  of  the 
technical  solution  is  1^  ug/l  (Heines  and  others). 

The  addition  to  bird  feed  of  2^5  mg/kg  of  sevin  provides  the 
destruction  of  ectoparasites  and  no  harmful  effect  is  noted  on  birds. 
After  a  single  administration  of  sevin  at  a  rate  of  150  mg/kg  it 
is  possible  to  detect  it  in  the  throat  and  blood  of  hens  (Furman, 
Plpec).  Sevin  was  not  detected  in  the  breast,  legs,  liver,  and  skin 
of  18-30  month-old  hens  after  feeding  them  for  7  days  feed  containing 
200  parts  of  the  preparation  per  million  (McCay,  Arthur). 


Sevin  does  not  cause  pathological  neuromuscular  changes;  no 
cancerogenic  activity  or  sensitizing  ajjlllty  was  noted.  The 
feeding  of  this  to  rats  for  2  years  showed  that  they  withstand  a 
total  dose  of  200  parts  per  million  without  significant  deviations 
from  the  control  animals.  Dogs  withstand  the  preparation  administered 
in  an  analogous  manner  in  an  amount  of  400  parts  per  million. 
Observations  on  rats  showed  that  with  the  Joint  administration  of 
sevin  along  with  one  of  24  other  insecticides  given  in  the  experiment 
(including  10  preparations  from  the  gr{)up  of  organophosphorus 
compounds^,  neither  an  antagonistic  noj?  an  intensifying  action 
was  observed  for  sevin  or  for  the  added  preparation. 


When  the  preparation  was  introduced  in  the  feed  of  cattle  at 
a  rate  of  150-450  rag/kg  for  a  period  of  2  weeks  not  more  than 
0.01  mg/kg  was  detected  in  the  milk,  and  the  milk  did  not  manifest 
any  side  odor  or  aftertaste.  The  cows  did  .not  nanifest  changes 
in  weight  or  any  other  symptoms  of  poisoning  (Camp,  Harrison, 
Roberts,  Wledenbach). 
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The  LD^q,  when  orally  administered  to  various  v;arm-blooded 
animals,  was  as  follows:  for  cats  0.25  g/kg;  for  guinea  pigs 
0.28  cAc;  for  dogs  0.795  gAg;  for  rabbits  0.71  gAgj  for  rats 
0.51-0.61  gAgi  when  Intravenously  administered  to  rats  the 
was  0.013-0.033  gAgi  when  Intrapenitoneally  administered  to  rabbits 
the  LD^q  was  0.223  gAgi  when  subcutaneously  administered  to  rabbits  - 
2  g/i:g,  to  rats  -  1.4-2  g/kg,  to  chicks  -  2-3  gAg.  Sevin  penetrates 
through  the  Integuments  of  rabbit  in  a  dose  exceeding  2000  ragAgi 
with  cutaneous  application  the  LD^q  is  greater  than  4000  gAg- 
After  4-12  administrations  of  sevin  to  white  mice  at  a  rate  of  50 
mg/kg  (within  3  months)  in  the  internal  organs  of  the  animals  there 
developed  disturbance  of  blood  circulation  expressed  In  venous 
plethora,  perivascular  edema  and  acinous  hemorrages.  In  the! 
parenchymatous  organs  there  were  observed  dystrophic  changes  expressed 
to  a  minor  degree.  When  the  number  Cjf  administrations  was  increased 
(48-96)  within  a  period  of  12-24  mont^hs  (the  period  of  observation) 
there  was  noted  proliferation  and  weakly  expressed  focal  fibrosis 
in  the  liver,  kidneys  and  spleen.  Furthermore,  in  the  liver,  . 
kidneys  and  myocardium  there  were  detected  areas  of  dystrophy, 
necrosis  and  necrocytosis. 

Cases  of  hi  ..an  poisoning  with  sevin  are  not  numerous . 

A  1^  year  old  child  who  took  internally  an  unknown  quantity 
of  sevin,  in  spite  of  the  fact  that  his  stomach  was  washed  wjtthln 
30  minutes  after  he  swallowed  the  sevin,  constriction  of  hls! 
pupils,  salivation  and  weakened  musculature  were  observed.  A 
single  Jose  of  0,3  mg  of  atropine  was  effective.  The  child 
recovered  after  12  hours.  In  his  urlpe  the  amount  of  alpha-naphthol 
increased  to  31.4  mg/t. 

In  an  adult  a  single  oral  dose  of  250  mg  or  2.8  mg/kg  (approxi¬ 
mately)  caused  poisoning  symptoms  of  average  severity.  V/hen  the 
same  amount  dose  was  repeatedly  administered  analogous  symptoms  were 
observed.  Twenty  (20)  minutes  after  ^king  this  dose  there  appeared 
pain  In  the  stomach  region  and  abundant  perspiration;  the  person 
continued  to  work. 


After  taking  1  mg  of  atropine  only  minor  relief  was  observed.' 
Debility  gradually  appeared;  the  patient  vomited  twice.  An  hour 
after  taking  3  mg  of  atropine  relief  began  to  appear,  and  within 
another  hour  had  completely  recovered  and  with  gusto  he  ate  his 
lunch.  The  level  of  blood  'cholinesterase  dropped;  In  his  urine 
there  w?  s  detected  10  mg/1  of  alpha-naphthol  (the  normal  Is  1.5-^ 
mg/l).  During  therapy  depending  upon  the  severity  of  the  Illness 
It  Is  possible  to  use  all  methods  applicable  for  treating  poisoning 
caused  by  organophosphcrus  compounds,  with  the  exception  of  [2-PAM] 
( i>lIAIf )  and  other  oximes . 

* 

The  experiments  carried  out  on  the  animals  show  that  the  use 
of  2-PAK  can  be  harmful. 


Dlmetan  -  -  5j5-dlmethyldlhydroresorclnol-dlmethyl- 

carbamate. 


|CBd^^.OON(CR|)i 


This  Is  a  whitish  crystalline  substance  with  a  melting  point 
of  45-^6®  and  Insignificant  solubility  In  organic  solvents;  It  Is 
soluble  In  water  up  to  3.15!J  at  20®.  It  possesses  high  Insecticidal 
properties  —  Is  effective  In  combating  files  (both  house,  and  also 
other  varieties). 

Zektran  -  Cj^2'^l0'^2®2  ""  ^’’^i"'®4hylamlne-3, 5-xylene. 


A  crystalline  solid  with  a  melting  point  of  85® »  It  Is  Insoluble 
in  water,  but  soluble  in  the  majority  of  organic  solvents. 


The  preparation  Is  especially  effective  with  respect  to 
cockroaches  and  butterflies:  treatment  with  a  0.125J»  solution*  at 
a  rate  of  100  ml/m  provides  complete  destruction  of  Insects  — 
agricultural  crop  pests;  In  combating  cockroaches  effectiveness  Is 
attained  by  using  the  preparation  at  a  rate  of  7  mg/m  ,  and  their 
extermination  ensues  after  ^<5  minutes,  whereas  dlazlnon  under  these 
conditions  ensures  death  after  2  hours,  and  chlordane  after  ^8 
hours.  However  the  duration  of  the  residual  effect  of  zektran  Is 
considerably  shorter  than  that  of  sevin,  and  Its  toxicity  to  ' 
warm-blooded  animals  Is  higher  than  the  toxicity  of  sevin.  Thus, 
when  orally  administered  the  Is  equal  to  15-63  mg/kg  depending 

upon  the  type  of  animal. 

Pyrolan  -  -  3-methyl-l-phenylpyrazolyl-(5)- 

dlmethylcarbamate . 

O 
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It  consists  of  colorless  crystals  with  a  melting  point  of 
50®;  It  Is  volatile  when  acted  upon  by  steam.  Its  solubility  In 
water  Is  2%,  it  I9  slightly  soluble  In  petroleum  oils,  but  possesses 
considerable  solubility  In  alcohol,  acetone  and  the  aromatic 
hydrocarbons.  It  possesses  high  toxicity  to  flies.  The  LD^q 
for  mice  Is  il6  mg/kg,  and  for  rats  -  62  mg/kg. 

I  solan  -  -  l-lsopropyl-3-methylpyrazolyl-(5)- 

dlmethylcarbeunate . 
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Its  boiling  point  la  105-107®  at  0.3  mm  Hgj  It  Is  miscible 
with  water,  alcohol  and  xylene.  The  preparation  possesses  high 
contact  properties  with  respect  to  house  files  and  aphldae; 

It  acts  weakly  on  mites  and  ticks;  It  possesses  certain  systemic 
properties  when  It  Is  applied  on  plants.  The  foi*  animals 

(mice)  is  18  mg/kg. 

i 

Pyromat  —  —  4-methyl-2-propylpyrlmldyl-NN-dimethyl- 

carbamate. 


It  Is  a  very  active  preparation  of  the  dlmethylcarbamate 
group.  It  Is  Inferior  In  Its  properties  to  the  other  carbamates. 

It  is  effective  In  combating  flies. 

Other  carbamates.  A  number  of  other  compounds  of  carbamic 
acid  also  possesses  significant  Insecticidal  properties.  As 
Insecticides  there  are  proposed  esters  of  NN-dlmethylcarbamlc  acid; 
o-crysol,  m-creaol,  p-cresol,  and  also  mixtures  of  the  isomers 
3,^-dylenol,  3,5-xylenol  and  2,5-xylenol  esters  (solids).  These 
preparations  can  be  used  In  the  form'of  aqueous  emulsions,  disinfecting 
powders  or  aerosols. 

The  effective  preparations  are:  2-l8opropoxy-5-methyloxyphenyl- 
N-methyl  (LD(^q  for  flies  Is  6.5  Mg/g)*  3»5-dlif.ethoxyphenyl-N-methyl 
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(LD^q  11  yg/g).  For  the  naphthyls  and  phenyls  (of  the  carbamate 
group)  tht  value  of  LD^g  Is  higher  than  500  gg/g>  Just  as  it  is 
for  the  quatenary  butylphenyls. 

The  carbamates  are  highly  toxic  to  mosquitoes.  Hadaway*  Barlow 
arrived  qt  the  conclusion  that  although  the  carbamates  also  give 
encouraging  results  as  residual  Insecticides,  their  effectiveness 
on  surfaces  varies  depending  upon  the  properties  of  the  construction 
materials.  iJevln  with  respect  to  mosquitoes  Is  less  effective 
than  2-chloro-3-lsopropyl-n'-methylcarbamate  (Hercules),  3"i8opropyl- 
phenyl-U-methylcarbamate,  2-lsopropoxyphenyl-N-methylcarbamate  and 
3-3ec-butyl-N-inethylcarbanate . 

i| 

The  average  lethal  doses,  when  topically  applied.  In  mlbrograms 

I 

per  female  mosquito  are  0.0018-0.0043;  0.0013-0.0025;  0,0013f0.0053 
and  0.0012-0.0023  respectively  for  the  above-mentioned  four  ' 
preparations;  the  Index  for  sevin  Is  0.0037-0.0145  yg  per  female; 
the  first  figure  Is  the  Index  of  the  value  of  the  LD^g  for  Anopheles 
Stephans! ,  tne  second  for  Aedes  aegyptl. 


These  Insecticides  can  be  used  In  combating  cow  stable  flies. 
They  are  effective  In  combating  insects,  which  have  developed 
resistance  to  the  chlorinated  hydrocarbons  and  the  organophosphorua 

cofiipounds . 

♦ 

Pllgh  Insecticidal  properties  are  possessed  by  zinc  dimethyl- 
carbamate  -  ziran;  It  Is  very  effective  with  respect  to  mosquito 
larvae,  complete  destruction  of  the  larvae  of  Culex  fatlgams  of 
the  I  and  II  Instar  is  observed  from  concentrations  of  1-3  mg/t; 
larvae  of  the  third  Instar  —  from  concentrations  of  1-10  mg/l. 

Zlram  retains  its  activity  In  a  reservoir  for  30  days,  but  It 
Is  not  cvlcldal.  The  preparation  Is  nontoxic  to  man  and  warm¬ 
blooded  anltials,  but  It  Is  toxic  to  fish,  therefore  its  permissible 
concentration  In  reservoirs  Is  not  more  5  mg/i.  .  / 

O 
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CHAPTER  VII 


VEGETABLE  INSECTICIDES 

Vegetable  Insecticides  from  ancient  times  and  at  the  present 
time  are  finding  broad  application  in  dis.’nfestatlon  practice. 
Research  operations  on  new  vegetable  Insecticides  are  continuing 
along  with  the  quest  for  new  synthetic  compounds.  With  respect 
to  Insecticidal  properties  they  are  not  Inferior  to  the  synthetic 
ones,  and  some  of  them  act  even  faster  on  insects  (anabaslne, 
pyre thrum). 

Poisonous  substances  are  located  In  various  parts  of  plants 
and  belong  to  various  chemical  compounds  —  alkaloids,  glucosldes, 
saponlns,  essential  oils  and  others. 

Among  the  Insecticidal  plants  having  Industrial  significance 
are  certain  forms  of  camomiles  (Caucasian,  Salamatlon  and  Persian) 
the  blackberry  subshrub,  the  i^btenolds  and  nlcotlne-contalnlng 
plants.  The  Insecticidal  use  of  nlcotlne-contalnlng  plants  Is 
secondary  (Bowlngdon,  Strong). 

Anabaslne 

Anabaslne  - 


272 


alpha-plperldlne-beta-pyrldlne  Is  an  Isomer  of  nicotine  —  neonlcotlne  / 
(3-/2-plperldyl/-pyridlne).  Its  molecular  weight  Is  l6'2,24. 

Anabaslne  contains  7^.03S  carbon,  8. 735  hydrogen  and  17.2735  nitrogen. 

It  Is  a  colorless  oil  acquiring  under  the  effect  of  light  and  air 
a  yellowish  color.  The  melting  point  is  97® »  the  boiling  point 
276®,  its  specific  gravity  Is  l.Oil  at  20®.  The  Index  of  refraction 
at  20®  Is  1.5^^3.  The  vapor  pressure  Is  2.5  mm  Hg. 

Anabaslne  was  discovered  by  A.  P.  Orekhov  and  G.  P.  Men’shikov 
in  1929,  who  extracted  this  compound  from  the  perennial  leafless 
Liackberry  subshrub  (Anabasis  aphylla)  growing  in  many  regions  of 
the  semiarid  steppes  of  the  Transcaucasus  and  Central  Asia,  In 
,;he  southern  regions  of  the  Dc  i,  Volga  and  In  the  Caucasus,  The 
plant  is  readily  distinguished  by  Its  bright  green  verdure.  It 
is  most  frequently  encountered  together  with  various  types  of 
white  wormwood.  The  plant  Is  highly  branched,  attaining  a  height 
of  30-75  cr;!,  the  root  system  is  sturdy  penetrating  deeply  into  the 
eartiii  the  leaves  are  not  well-developed;  they  have  the  form  of 
slightly  projecting  scales  growing  in  pairs  in  short  sheaths. 

All  the  above-ground  parts  of  the  plant  are  poisonous.  In  Its 
fresh  form  the  plant  has  an  unpleasant  odor  and  Is  not  eaten  by 
a.'iimals  at  all.  It  contains  from  0.5  to  123^  alkaloids,  of  which 
about  603J  Is  anabaslne.  The  latter  is  contained  mainly  in  the 
small  green  tv/lgs  of  plants;  In  the  thick  preroot  parts,  the  woody 
stems  and  fruits  there  is  very  little  of  It.  Therefore  only  the 
herbaceous,  green  branches  with  a  thickness  of  3  cm  are  gathered 
for  anabaslne.  The  gathering  of  these  branches  is  conducted  before 
the  beginning  of  blossoming  usually  at  the  end  of  June  -  the 
beginning  of  July.  The  cut,  above-ground  parts  are  placed  In  small 
stacks  at  the  collection  place,  then  they  are  thrashed;  in  thrashing 
the  branches  are  broken  up  Into  segments  with  a  length  of  SO-HO 
c:.".  In  the  dry  product  there  Is  not  more  than  535  of  the  woody 
parts  and  13?  of  the  fruit.  The  moisture  should  not  exceed  1235. 

There  should  be  not  less  than  1.235  anabaslne. 

In  the  Soviet  Union  anabaslne  Is  obtained  by  extraction  from 
plants  toe  obtained  extract  Is  evaporated  and  by  treating  with 
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kerosene  and  sulfuric  acid  Is  converted  Into  anabaslne-sulfate 
(the  sum  of  the  alkaloids). 

Anabaslne  can  also  be  obtained  synthetically, 

Anabaslne-Sulfate 

Anabaslnc-sulfate  H^,N2)2l!  2S0j|.  Its  molecular  weight  Is 

422,56.  It  Is  a  transparent  oily  liquid  (specific  gravity  Is 
1.15-1.19)  dark-brown  In  color  with  a  characteristic  odor,  with 
a  slight  acid  reaction;  It  Is  readily  soluble  In  water  and  alcohol. 
Crude  (unpurlfled)  anabaslne-sulfate  Is  a  mixture  of  alkaloids, 
among  which  are:  aphyllldln  (Cj^jH220N2),  aphyllin  (Cj^jH2^0N2), 
lupine  (Cj^qII2jON2)  and  others.  The  percentage  of  anabaslne  In  the 
technical  preparation  Is  usually  about  40J;  on  conversion  to 
anabaslne-base  the  amount  of  the  latter  should  not  be  less  than 
30J. 

Prom  anabaslre-sulfate  0.1-10?  disinfecting  powders  and  solutions 
are  prepared.  The  liquid  and  powder- form  preparations  of  anabaslne 
possess  high  Insecticidal  properties  with  respect  to  fleas,  lice, 
ticks,  mites,  bugs,  butterflies,  clothes  moths  and  beetles,  cock¬ 
roaches  and  dog  lice. 

Anabaslne-sulfate  disinfecting  powders  prepared  with  vegetable 
ash  fillers  (saxaul,  sunflower,  corn,  x/ood,  coal),  and  also  with 
fillers  of  sodium  carbonate,  slaked  lime,  sifted  chalk,  treats  1 
gypsum,  possess  higher  Insecticidal  properties  with  respect  to 
Insects  than  disinfecting  powders  prepared  with  kaolin  or  talc 
fillers.  Prolonged  storage  of  anabaslne-sulfate  disinfecting 
powders  with  a  saxaul  ash  filler  lowers  their  Insecticidal  properties. 
The  best  adherence  quality  for  Insects  Is  possessed  by  anabaslne- 
sulfate  disinfecting  powders  prepared  with  vegetable  ash  fillers, 
with  the  moisture  conte  it  of  the  disinfecting  powder  at  9?  with 
variations  of  ±5%  humidity. 
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Preparations  of  anabasine,  especially  freshly-prepared  ones^ 
cause  In  insects  (in  a  very  short  time,  after  contact  with  them) 
paralysis  followed  by  death.  The  liquid  and  powdery  preparations 
of  anabaslne  do  not  affect  equipment,  do  not  soil  treated  objects, 
are  easily  washed  off  with  water  and  do  not  possess  a  pungent  odor. 


Anabaslne  preparations  are  contact  neuromuscular  poisons. 

They  readily  penetrate  through  the  Integuments  of  Insects  and 
rapidly  cause  paralysis.  They  also  possess  a  certain  intestinal 
and  fumigational  effect,  ^vhen  the  vagus  nerve  is  severed  the  effect 
of  anabasine-sulfate  on  the  cardiovascular  system  and  the  respiration 
of  Insects  is  not  altered.  The  first  symptoms  of  poisoning  manifest 
themselves  in  paralysis  of  the  extremities,  spasms  in  the  torso 
and  torpor.  I 

In  comparison  to  and  pyrethrum  anabaslne  preparations 

are  10-30  times  more  toxic;  their  effectiveness  is  especially 
increased  by  alkalinization  (with  potash,  soda,  green  soap,  lye, 
saxaul,  sunflower  or  wood  '^^ihes)  (N.  M.  Parkhomenko). 


After  dusting  with  5^  '  nabaslne-sulfate  disinfecting  powder 
(in  a  mixture  with  955  sifted  saxual  ashes)  100J5  of  the  flies 
manifested  paralysis  after  3-8  minutes,  fleas  -  after  1-2  minutes, 
t.osqultoes  and  bugs  --  after  1-3  minutes,  cockroaches  -  after  2-3 
:.;inute3  followed  by  the  death  of  the  insects.  Under  these  same 
conditions  10^  DDT  disinfecting  powders  cause  paralysis  in  fleas 
after  29  minutes,  in  mosquitoes  —  after  27  minutes  followed  by 
death  within  17  hours.  Paralysis  in  cockroaches  after  the  effect 
of  pyretiirum  ensues  within  3-^  hours.  The  preparation  's  also 
extremely  toxic  to  clothes  moths  -  complete  paralysis  of  butterflies 
from  -y.!,  anabasine-sulfate  disinfecting  powder  ensues  within  1-1^ 
minute  followed  by  death  within  35  minutes.  The  preparation  is 
also  toxic  and  to  ticks  and  mites.  It  is  mainly  used  to  control 
agricultural  and  forest  pests. 
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Under  the  effect  of  anabaslne-sulfate  severe  alterations  are 
observed  In  the  muscles  of  flies:  the  transverse  strlatlons  of  the 
disks  almost  completely  vanished  there  remain  only  traces  of  them 
In  the  form  of  breaks  In  the  strlatlons;  the  fibrils  also  vanish; 
which  in  normal  iiiuscles  go  Inside  the  fiber  In  a  longitudinal 
direction,  pyknosls  of  the  nuclei  is  observed.  There  are  also  noted 
changes  In  the  structure  of  the  ganglia  and  lesions  In  the  excretory 
system,  which  are  expressed  by  the  filling  of  the  malpighlan  corpuscles 
with  fluid,  the  actual  structure  of  these  latter  vessels  Is  not 
changed,  the  cells  are  not  destroyed,  and  the  nuclei  remain  In  the 
normal  state. 


Anabaslne  Is  a  strong  poison  for  man.  Penetrating  into  the 
organism  through  breaks  (scratches)  in  the  skin,  it  causes  poisoning: 
2-3  drops  of  pure  preparation  are  considered  lethal  for  a  man.  It 
la  most  important  when  working  with  anabaslne  to  put  on  rubber 
gloves,  and  in  the  case  of  working  with  It  for  a  prolonged  period 
of  time  to  wear  protective  suit.  When  preparing  disinfecting 
powders  It  is  also  necessary  to  guard  against  inhaling  the  dust 
particles,  since  this  car  lead  to  poisoning  (N.  A.  Sazonova,  A.  P. 
Volkova) . 

In  agriculture  anabaslne-sulfate  is  applied  and  contact 
Insecticide  uy  spraying  and  dusting.  Spraying  carried  out  against 
pests  of  fruit  orchards  (plant  lice,  aphldae,  many  other  sucking 
pests,  caterpillars,  and  certain  butterflies).  The  testing  of 
anabaslne  on  garden  fleahoppers,  caterpillars,  tortrlx  moths  and 
others  showed  that  in  its  effect  it  completely  replaces  not  only 
nicotine,  but  also  certain  special  intestinal  poisons  (Paris  green, 
potassium  arsenate,  sodium  fluoride  and  barium  chloride).  The 
death  of  all  forms  of  agricultural  pests  ensues  as  a  result  of 
the  application  of  0.05-0. 2-1 J!  concentrations  of  anabaslne  in  solution 
and  2-8%  disinfecting  powders. 

In  combating  cotton  aphldae  aviation  is  used  for  dusting  and 
spraying  (per  hectare  1  kg  of  soap  in  50  i  of  water  and  1.2  kg 
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of  anibaslne-sulfate) .  With  the  simultaneous  presence  on  cotton 
plants  of  aphldae  and  red  spider  mites  combined  preparations  are 
used  —  lij  kc  of  sulfur,  5  kg  of  lime  and  1.2  kg  of  anabasine-sulfate. 


Nicotine  -  C^qK^IjN2. 


Nicotine 


N-CII| 


Nicotine  is  obtained  by  extraction  from  tobacco  plants;  It 
belongs  to  the  alkaloids  of  the  pyridine  group  and  Is  an  oily, 
colorless  liquid  with  a  sharp  characteristic  odor  and  caustic 
taste,  which  rapidly  turns  brown  in  air.  It  is  miscible  with  water 
at  60-30®  and  dissolves  In  the  majority  of  organic  solvents,  in 
alcohol  and  ether.  Its  boiling  point  is  247.3®;  its  melting  point 
is  8o®,  the  density  is  1.009;  its  index  of  refraction  is  1.528; 
the  specific  gravity  is  1.6639-1.685.  Its  vapor  pressure  at  20® 
is  0.08  mm  Hg,  at  25°  -  0.0425,  at  80°  -  2.8,  at  100°  -  7  mm  Hg. 

It  is  sublimated  with  steam. 

Nicotine  preparations  are  prepared  in  three  forms:  1)  a 
nicotine-base  -  a  liquid  containing  95-98?  nicotine-base  ; 

when  necessary  it  is  converted  into  nicotine-sulfate;  2)  an 
aqueous  solution  of  nicotine-sulfate  [  >211280^]  containing 

402  nicotine-base;  10-15  g  of  the  poison  and  40-60  g  of  soap  per 
10  t  of  water;  3)  nlcotlne-dlslnfectlng  powder  foi*  dusting, 
prepared  from  5-7  parts  by  weight  of  nicotine-sulfate  and  95-93 
parts  by  weight  of  slaked  lime  or  ash. 

In  tobacco  plants  and  tobacco  extracts  nicotine  is  combined 
with  organic  acids.  Metal  hydroxides  liberate  nicotine  from  these 
compounds.  Nicotine-sulfate  is  more  difficult  to  decompose  than 
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nlcotlne-base.  Tobacco  leaves  maintain  not  only  nicotine,  but  also 
a  number  of  other  alkaloids. 

Nlcotlne-sulfate  Is  an  Ineffective  preparation  with  respect  to 

fleas  and  bugs,  the  most  satisfactory  Insecticidal  effect  is  provided 

by  2.3-3%  working  emulsions  with  0.8?  soap  with  abundant  spraying  — 

2 

not  less  than  200  mt/m  .  Nicotine  Is  toxic  to  common  cockroache^  — 
the  [LD^q]  ( JUJgQ  )  Is  2150  yg/g.  For  combating  lice,  bugs,  flies, 
mosquitoes  tobacco  dust,  tobacco  smoke,  decoctions  or  Infusions 
and  nicotine  sulfate  can  be  used.  In  preparing  an  Infusion  500-800 
g  of  tobacco  dust,  makhorka  or  finely  chopped  dry  tobacco  stems 
and  leaves  are  steeped  for  2  days  in  10  l  of  water;  the  infusion 
is  filtered,  the  residue  Is  pressed,  10  more  liters  of  water  are 
added  and  the  surface  to  be  treated  is  sprayed.  For  better  wetting 
50  g  of  soap  are  added  for  each  10  t  of  infusion  (S.  M.  Ignat ’yev). 

In  agriculture  nicotine  Is  used  for  Insecticidal  purposes  In 
the  most  diverse  forms:  In  the  form  of  nlcotlne-sulfate,  tobacco 
extract,  tobacco  decotion  or  Infusion  of  tobacco  dust,  tobacco 
smoke,  and  also  in  the  form  of  so-called  llme-nlcotine  sulfate  ! 
disinfecting  powder  [nicodust].  Nicotine  preparations  are  used  ^ 
for  dusting  or  spraying  plants  against  aphidae,  fleabeetles. 

Jumping  plant  lice,  young  caterpillars,  grape  moths,  ermine  moths, 
bugs  and  mites;  nlcotlne-sulfate  Is  used  as  an  ovicide  In  combating 
the  codling  moth.  The  treating  of  surfaces  and  vegetation  Is  cJurled 
out  from  aircraft;  the  expenditure  of  nicotine  disinfecting  powder 
per  hectare  Is  30-50  kg. 

Nlcotlne-base  and  nicotine  salts  are  highly  toxic  to  animals. 

Pasternak 

•  1  i- 

Pasternak.  Lichtenstein  and  Caslda  Isolated  a  strong  Insecticide 
contained  In  the  parasnlp  root.  A  small  amount  of  this  preparation 
kills  flies;  certain  agricultural  pests  are  also  killed  by  it,  which 
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are  not  susceptible  to  the  effect  of  other  natural  Insecticides. 

This  substance  contained  In  the  parsnip  root  can  be  broadly  used, 

If  It  can  be  mass  produced.  . 

The  authors  studied  the  most  wlde>spread  variety  of  parsnip  — 
the  "all-American”  variety.  They  cultivated  It  In  soil  ✓ 

not  containing  even  traces  of  Insecticides  and  ground  the  roots 
into  powder,  as  a  result  of  the  application  of  this  powder 
of  the  flies  perished.  Then  they  Isolated  the  active  chemical 
substance  contained  in  the  powder,  the  so-called  myrlstlcin,  which 
along  with  other  related  chemical  substances  Is  contained  In  nutmel^ 
and  certain  vegetables.  In  parsnips  for  each  million  parts  there 
are  ^10  parts  of  myrlstlcin. 

We  must  assume  that  substances  are  contained  In  all  plants, 
protecting  them  from  pests,  otherwise  they  would  not  survive. 

V/ork  on  Isolating  Insecticides  from  vegetables  was  started  relatively 
recently,  the  Impetus  for  the  activation  of  such  animals.  The 
insecticide  from  the  parsnip  Is  less  active  than  the  preparation 
from  pyrethrum  but  it  possesses  other  auxiliary  properties,  which 
pyretiirum  lacks  -  it  di’lves  insects  away  and,  furthermore,  kills 
tnem  with  Its  vapors. 

Pyrethrum 

Pyret’nruiii  Is  the  most  effective  of  the  vegetable  Insecticides. 

Up  to  the  present  time  in  the  USSR  and  abroad  pyrethrum  preparations 
are  unexcelled  In  their  rate  of  action  and  their  harmlessness  to 
nan,  agricultural  and  domestic  animals. 


Pyretijrum  powder  Is  prepared  from  the  dried  heads  of  caraolles 
[Translator's  note:  pyrethrum  flowers  for  clarification  of 
camomile J  -  perennial  plants  from  the  Composltae  family  of  the 
genus  Chrysanthemum  (Pyrethrum)  capable  of  bullding-up  pyrethrins. 
Pyrethrum  roseum,  Pyrethrum  carneum,  Pyrethrum  cinerarlaefollum 


and  others  belong  to  these  camomiles  [pyrethrum  flowers]. 

In  the  wild  state  these  forms  of  camomiles  [pyrethrum  flowers] 
(P.  roseum  and  P.  corneum)  are  encountered  In  the  mountain  regions 
of  the  Caucasus  on  the  subalplne  and  alpine  forest  meadows  at  a 
height  up  to  2800  m,  and  also  In  Northern  Iran>  Asia  Minor  and  In 
Dalmatia  In  The  Balkans  (P.  clnerarlaefollum).  In  Europe  pyrethrum 
has  been  used  approximately  since  1800;  It  was  brought  Into  Japan 
In  1881,  where  It  was  cultivated  on  a  rather  large  scale;  for  a  long 
time  Japan  has  exported  pyrethrins  in  large  quantities.  At  the 
present  time  the  main  supplier  Is  Kenya;  pyrethrum  Is  also  raised 
in  large  quantities  In  the  Congo. 

The  Insecticidal  properties  of  pyrethrum  are  due  to  the  presence 
of  pyrethrln-I,  pyrethrln-II,  cinerin-I  and  cinerln-II.  | Recently 
(1964)  a  new  pyrethrln  was  Isolated  —  zhasmolln.  There  are  also 
data  About  the  fact  that  peony  flowers  (Paeonla  alblflora)  contain 
pyrethrins  in  a  considerable  quantity. 
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The  pyrethrins  are  esters  of  chrysantheummonocarboxyllc  (dimethyl- 
Isobutenyl-cycloprbpane-carboxyllc  acid)  or  chrysantheumdlcarboxyllc 
acid  and  pyrethrolone  (methyl-pentadienyl-cyclopenten). 

Camomile  flowers  [pyrethrum  flowers]  contain  5*-10  times  more 
pyrethrins  than  the  stems,  and  3-5  times  more  than  the  buds.  In 
the  flowers  the  pyrethrln  content  fluctuates  from  0.4  to  1.6$.  The 
amount  of  pyrethrins  In  the  flowers  depends  on  the  flowering  stage: 
the  maximum  pyrethrln  content  (1.64$)  Is  observed  at  the  time  of 
full  blossoming  of  flov/ers.  In  flowers  in  semiblossum  it  is  less 
(1.4$),  and  In  waning  flowers  It  Is  still  less  (1$).  In  studying 
the  influence  of  sun,  tungsten  and  infrared  lamps  on  pyrethrins  it 
was  established  that  irradiation  within  the  limits  of  2600-4000  % 
sharply  reduces  the  insecticidal  properties  of  the  pyrethrins. 

The  latter  due  to  the  effects  of  moisture,  light  and  heat  Recompose, 
as  a  result  of  which  they  lose  their  poisonous  properties. [  Therefore, 
pyrethrum  should  be  stored  in  dry,  dark,  cool  premises  in  leakproof, 
tightly  closed  cams.  Pyrethrum  and  preparations  containing  pyrethrins, 
should  not  be  allowed  to  come  in  contact  with  lead,  copper  and  zinc. 

The  effectiveness  of  a  preparation  also  depends  on  how  finely  it  is 
ground,  a  preparation  should  be  dry,  without  lumps  and  impurities 
and  contain  not  less  than  0.3$  pyrethrins.  The  more  finely  ground 
powders  rapidly  lose  their  insecticidal  properties.  The  addition 
of  tannic  acid  and  titanium  dioxide  possessing  the  ability  to 
reflect  light  waves  inhibits  the  reduction  of  the  insecticidal 
properties  of  pyrethrum.  With  the  addition  of  hydroqulnone  as  an 
antioxidant  the  powders  remain  highly  effective  for  a  long  time; 
even  in  cases  when  the  powder  is  strewn  in  a  thin  layer  on  a  sheet 
of  paper  in  the  light,  it  remains  very  active  for  a  period  of  340 
days.  The  amlnophenols  delay  the  decomposition  of  the  pyrethrins 
in  ground  pyrethrum  and  in  concentrated  extracts.  For  these 
purposes  mixtures  of  sodium  hydrosulfite  (NahSO^)  and  trloxynethylene. 

The  pyrethrins  (mixture)  are  a  thick  light-green  (glycerine- 
like)  oil  with  a  mild  odor,  boiling  at  145-155®.  The  pyrethrins 
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are  insoluble  in  water,  readily  dissolve  in  petroleum  ether,  methyl 
alcohol  and  other  organic  solvents.  Contemporary  extract  concentrates 
contain  25J!  pyrethrlnsj  approximately  ^10?  is  pyrethrln  I,  ithe  other 
60?  are  other  compounds. 

At  the  Central  Scientific  Research  Dlsinfectlonal  Institute  Yu. 

P.  Volkov  and  A.  V.  Starkov  by  quadruple,  successive  infusion  of 
the  same  solution  of  petroleum  ether  with  fresh  portions  of  pyrethrum 
containing  0.42?  pyrethrlns  obtained  a  0.23?  pyrethrln  extract; 
after  tenfold  steaming  of  this  solution,  subsequent  extraction  with 
nltromethane,  purification  of  the  nitromethane  solution  by  passing 
it  through  a  layer  of  activated  carbon  and  steaming  the  authors 
isolated'  in  1964  a  colorless,  transparent  oil  containing  97.5? 
pyrethrlns. 

The  pyrethrlns  are  distinguished  by  their  insecticidal  properties. 
Thus,  for  example,  the  application  of  a  concentration  (in  percent 
by  weight  per  volume),  at  which  the  mustard  beetle  (Phaedon 
cochlearlae)  dies,  is:  pyrethrln  I  —  0.001?,  pyrethrln  II  -  0.0026?, 
cinerin  I  -  0.002?  and  clnerln  II  —  0.005?;  with  respect  to  house 
flies  the  greatest  insecticidal  properties  belong  to  pyrethrln  I; 
the  insecticidal  activity  of  cinerin  I  is  25?  weaker  than  pyrethrln  I; 
pyrethrln  II  is  3  times,  and  cinerin  II  is  5  times  weaker  than  the 
insecticidal  properties  of  pyrethrln  I.  The  time  of  the  advent 
of  paralysis  for  Insects  after  contact  with  the  pyrethrlns  does 
not  vary  greatly.  Thus,  after  contact  with  an  extract  of  the 
pyrethrolds  (pyrethrln  I,  pyrethrln  II,  cinerin  I  and  clnerln  II) 
in  house  flies  paralysis  ensues  respectively  through  13,  17,  10, 

20  and  11  minutes.  Pyrethrln  II  as  compared  to  pyrethrln  I  causes 
a  more  rapid  advent  of  paralysis  and  provides  a  greater  percent  of 
^  paralyzed  flies,  but  a  smaller  percent  of  Insect  deaths. 

With  the  application  of  the  pyrethrlns  on  the  back  of  the  oriental 
cockroach  it  was  noted  that  the  LD^q  after  24  hours  was  1  p-g  16°  and 
about  6  M.g  at  ^5°.  By  using  pyrethln  tagged  with  radiocarbon  it  was 
established  that  at  35^  the  rate  of  penetration  of  the  preparation 
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was  2  times  faster  than  at  15®.  The  poisoning  of  cockroaches 
depends  on  the  presence  of  toxin  In  the  blood,  whereas  jat  35®  this 
toxin  did  not  exert  its  effect.  It  was  shown  that  the  toxic 
substance  located  at  this  time  In  the  blood  was  not  pyrethrumj 
apparently,  at  this  temperature  the  Insecticide  Is  somewhat  removed 
from  Its  action  site  and  Is  leas  harmful  to  Insects. 


O 


Thus,  pyrethrlns  are  strong  contact  poisons  for  insects  (flies, 
mosquitoes,  cockroaches,  bugs,  fleas,  lice  and  others).  They  readily 
penetrate  into  the  Insect  organism  or  directly  through  the  integuments, 
or  through  the  wall  of  the  tracheae,  causing  in  the  insect  vomiting, 
profuse  elimination  of  the  excrements  and  paralysis,  which  is 
propagated  from  the  posterior  end  of  the  body  among  the  nervous 
and  muscular  systems.  With  overall  dusting  of  Insects  paralysis 
ensues  immediately,  and  total  extermination  is  accomplished  after 
ii8  hours.  With  partial  dusting  paralysis  of  the  Individual  parts 
of  the  Insect’s  body  comes  within  9-10  days.  It  is  necessary  to 
keep  in  mind  that  with  an  insufficient  amount  of  preparation  the 
paralyzed  insects  (without  visible  signs  of  life)  survive  and 
return  to  normal  vital  activity,  and  therefore  after  treating  premises 
with  pyretnrum  the  paralyzed  insects  swept  up  and  destroyed. 


According  to  Ye.  A.  Baburina,  pyrethrum  has  an  acute  destructive 
effect  on  the  epithelial  lining  of  the  midgut  of  the  common  cockroach, 
and  the  diverticulum  of  the  malphlglan  vessels  and  also  causes 
severe  degeneration  of  the  blood  phagocytes.  These  data  contradict 
the  opinion  concerning  the  selective  action  of  pyrethrum  of  the 
central  nervous  system  of  Insects  and,  consequently,  the  question  of 
the  cause  of  death  of  an  Insect  by  poisoning  with  pyrethrum  remains 
open.  In  the  beginning  of  the  poisoning  in  the  epithelial  lining 
of  the  midgut  and  the  diverticulum  there  is  observed  a  certain 
increase  in  the  type  of  secretion  and  regeneration,  which,  however, 
is  rapidly  suppressed  by  the  advancing  degeneration  and  disintegration 
of  tissue.  Moreover,  the  protoplasm  of  the  cells  is  vacuolated, 
the  cell  membranes  disintegrate,  and  the  chromatin  of  the  nuclei 
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takes  on  a  fine-grained  structure.*  In  the  epithelium  pf  the  r 

malphigion  vessels  pyrethrum  causes  swelling,  vacuoll;%tion, 
disintegration  of  the  cell  membranes,  degeneration  of  the  nuclei 
and  disintegration  of  the  protoplasm.  In  the  polsonli^  of  cockroaches 
with  pyrethrum  powder  there  is  observed  in  the  macronucleocytes 
vacuolization  both  of  the  protoplasm,  and  also  of  the  cells.  The 
first  vacuole  in  the  nucleus  always  surrounds  the  nucleolus.  In 
the  protoplasm  the  vacuoles  have  the  form  of  Irregular,  branched 
canaliculi.  In  the  poisoning  process  there  occurs  the  rapid 
disintegration  of  the  protoplasm  with  dissolution  of  the  chroii!||atln 
network. 


For  warm-blooded  animals  pyrethrum  is  practically  harmless; 
the  pyrethrlns  and  cinerlns  are  highly  specific  and  possess  sharply 
expressed  selective  properties  with  respect  to  arthropods. 
mean  lethal  dose  for  vertebrates  with  oral  introduction  is  15pol 
weAg*  when  they  are  applied  to  the  akin  of  rabbits  at  a  rate  of 
iJOO  mg/kg  symptoms  of  poisoning  can  \appear.  With  the  introduction 
of  pyrethrlns  into  the  abdominal  cavity  of  guinea  pigs  the  LdIq  : 
is  150  mg/kg,  whereas  for  Insects  this  value  is  equal  to  oVlJpsAK 
(Matsubura,  Chadwick,  Iradldge).  jil;;  ^ 


Pyrethrum  possesses  only  minor  toxicity  to  huiaans.  Ac’boQMi|^ 
to  V/lnkler,  in  treating  618  patients  for  scabies 'With  pyrethrao 
ointment  containing  0.75?  pyrethrln,  on^y  ^  manifested  a  reaction 
on  the  part  of  the  nervous  system;  sometimes  dermatitis  was  observed. 
Thus,  pyrethrum  is  the  most  harmless  of  the  insecticides.  1  ; 


Pyrethlns  with  synergists  and  without  them  are  manufactured  in 
the  form  of  disinfecting  powders,  oil  solutions  and  emulsions  asid 
rarely  in  the  form  of  water-dispersed  powders.  The  pyrethrlns 
are  added  to  certain  synthetic  insecticides  to  accelerate  the 
onslaught  of  paralysis  in  insects. 


At  the  present  time  pyrethrlns  are  obtained  not  only  by  extraction 
from  camomiles  [pyrethrum  flowers],  but  also  synthetically.  These 
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synthetic  pyre^^hrlns  only  to  an  inaisnlflcant^d)^ 
the  natural  pyrethrlns  in  their  physical  and  ohi^ 
their  Insecticidal  properties. 


Leal,  as  wnll  as 


Pyrethrum  powder  consists  of  finely  ground  pyre^hrln«opntaj|Lning 
caraolle  flowers  [pyrethrum  flowers^*  ^5%  powder  shou}^  pas8\ through 
a  sifter  with  250  apertures  per.cin^  and  25f  through  a  Vlfte^  with 
ICO  aperatures/cm^  i  the  particles  not  passing  through  the  l^atter 
sifter,  should  not  constitute  more  than  lOj.  The  moisture jpf  the 
powder  should  not  exceed  and  the  pyrethrln  content  wo^d  not 
be  less  than  O.SJE*  Pyrethrum  powder  Is  a  straw-'yellow  nn  ll 
yellow  color;  the  powder  Is  light;  It  Is  poorly  wet  by  Uww*  because 
It  Is  held  on  Its  surface;  upon  combustion  It  burns  like' gjrass, 
leaving  a  small  amount  of  ash.  The  powder  Is  stored  In  a  dry,  dark 
and  cool  location.  ' 

,  ,  <  . 

In  using  the  powder  form  of  pyrethrum  In  living  quartos  only 

the  places  where  Insects  stay  are  treated.  In  ^expendltw^j?^  -  -1—  - 
powder  Is  2  g/m^  of  the  premises  populated  by  mosquitoes  or  files. 

Pyrethrum  preparations  can  be  burned,  since  Its  smoke  ^iossesses 
Insecticidal  properties,  but  when  candles  aroused  a  oonsidirable 
portion  of  the  pyrethrlns  burns  and,  thus,  ^dL^lost  without  having 

any  effjct.  * 

\ 

\\\ 

Pyrethol 


Pyrethol  -  solution  of  extractive  substances  of  pyrethrln- 
containing  camomile  flowers  In  ethyl  alcohol;  It  contains  II 
pyrethrln.  The  method  by  which  theyjjgre  obtained  in  essence  In 
this:  dried  pyrethln-contalnlng  camoalle  flowers  are  subjected  to 
hot  extraction  with  beneene  or  dlchloroethape;  the  bensene  or 
dlchloroethane  Is  driven  off,  the  residue  lis  dissolved  In  ethyl 
alcohol  and  the  pyrethol  extract  Is  decanted .1.  A  21  oily  pyrethrum 
extract  Is  also  prepared,  idilch  Is  a  solution  of  extractive  substandea 


of  pyrethrln-contalnlng  camomiles  in  transformer  oil;  or  other 
solvents.  Pyrethol  and  the  oily  extract  are  highly ^effective  upon 
their  dilution  to  a  concentration  of  0.06-0. 003S  by  active  substance. 

Dried,  pulverized,  pyrethin-contalnlng  camomile  flowers  are 
subjected  to  extraction  with  dlchlorothane.  The  solvent  Is  driven 
off  with  steam  and  the  obtained  residue  is  dissolved  In  transformer 
oil.  The  solution  Is  Isolated  from  the  undlssolved  resins.  Such 
an  extract  should  contain  not  less  than  2%  pyrethrln;  the  volatile 
Impt^ltles  should  not  be  more  than  5K.  The  oil  solutions  can  be 
applied  In  the  form  of  mists,  films  or  aerosols,  formed  by  appropriate 
apparatuses . 


Certain  surfaces,  such  as:  brick,  plaster,  cement,  concrete 
and  cardboard,  absorbed  the  pyrethrum  oil  solutions  so  rapidly  j 
and  In  such  amounts  that  they  do  not  acquire  Insecticidal  properties; 
In  this  case  It  Is  first  necessary  to  cover  these  4  surfaces  before 
treating  with  a  gelatinous  solution,  which  prevents  absorption  and 
makes  It  possible  for  the  deposits  to  manifest  their  full  effect 
with  respect  to  Insects  landing  on  or  crawling  aloi^  the  surfaces. 

*  tl' 

Fllcld*  I 

Pllcld  is  an  Infusion  of  camomile  Tlowers  containing  pyrel^jrins 
In  mineral  spirits  (a  petroleum  fraction  boiling  at  a  temperatul^e 
of  150-180®;  Its  specific  gravity  is  (^.\795)  or  In  M  light  type  , 
of  kerosene  -  ligroln  (bolls  at  100-140®).  The  preparation  Is 
usually  ^ass  produced.  The  pyrethrlns  are  extracted  from  the  plamts 
by  Infusion  and  they  go  Into  solution.  Fllcld  Is  a  transparent  ^ 
liquid  with  a  light -yellow  or  greenish  color.  According  to  the 
/overnment  standards  of  the  USSR,  fllcld  must  satisfy  the  following 
requirements:  the  pyrethrln  I  content  Is  not  less,  than  0.06!{; 
the  specific  gravity  Is  not  more  than  0.795;  the  beginning  of 
boiling  Is  165®;  Its  odor  Is  similar  to  kerosene-benzene;  the  dry 
residuum  constitutes  not  more  than  IS;  the  content  of  aromatic 
substances  Is  not  more  than  15S;  Its  flash  point  Is  33° • 

•Translator's  Note:  [Fleaclde]  (PlleU;  ~  Could  possible  b(i 
taken  from  this  English  cognate,  but  was  not  found .  _  .. 
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In  combatinc  flies  fllcld  is  uniformly  sprayed  in  the  air  of 
premises,  l.e.,  a  fine  suspension  of  the  sprayed  Insecticide  Is 
created.  In  spraying  the  liquid  an  Insecticicis  fan  is  necessary 
to  direct  It  In  such  a  manner  that  It  cuts  off  the  Insects  way  of 
escape.  For  this,  after  approaching  to  a  distance  of  1  m  from  the 
treatment  site,  the  liquid  Is  sprayed  In  the  proper  amount,  so  that 
the  Insecticide  gets  on  the  flies,  mosquitoes,  also  Including  those 
flying  from  the  walls.  After  30-^0  minutes  the  premises  can  be 
opened  for  airing.  V/ith  the  prolonged  application  of  the  pyrethrlns 
flies  Increase  their  resistance  to  them  (Paine). 

For  combating  lice  fllcld  is  also  used;  clothes  are  brushed 
with  brushes  moistened  with  the  preparation  or  are  treated  lightly 
wltii  a  sprayer.  On  one  piece  of  wearing  apparel  30-^0  ml  of  fllcld 
Is  expended  on  one  sheepskin  coat  —  up  to  100  ml. 

I 

< 

The  use  of  fllcld  In  food  establishments  (factories,  kltjchens, 
dining  rooms)  is  not  recommended,  because  the  odor  of  the  preparation 
is  readily  picked  up  by  the  products. 

Fllcld  is  an  Inflammable  liquid,  therefore  when  working  with 
It,  it  Is  necessary  to  observe  strictly  flre-preventlon  safety 
measures  (do  not  smoke  while  working,  keep  the  preparation  away 
from  fires). 

The  mechanism  of  action  fllcld  Is  the  same,  as  that  of 
pyrethrum  pov/der  with  only  the  difference  that  Insects  due  to  Its 
effect  die  considerably  more  rapidly  than  under  the  effect  of 
pyrethrum  powder. 

Pyrethrum  preparations  can  be  widely  used  In  combating  numerous 
field,  garden  and  berry  patch  pests  (beet  webworm  larvae,  mulberry 
moth,  cabbage  and  turnip  butterflies,  coddling  moth,  winter  moth, 
ermine  moth,  sugar  beet  weevil,  fleabettles,  cotton  aphid  and 
others).  Pyrethrum  is  also  used  against  granary  and  forest  pests. 
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Plbuthrln 


ributhrln  contains  0.3?  pyretlirum  and  3?  plperonyl  butoxide; 
the  latter  preparation  Is  added  as  a  synergist  and  Increases  the 
activity  of  plbuthrln  by  more  than  10  times,  Plbuthrln  Is  produced 
by  English  Industry.  It  Is  used  In  the  form  of  aerosols,  disinfecting 
powders  and  aqueous  emulsions  mainly  against  flying  Insects 
(files,  iiiosqultoes)  and  In  combating  granary  pests.  This  preparation 
Is  especially  active  with  respect  to  Insects,  which  have  acquired 
resistance  to  the  chlorinated  hydrocarbons. 

S.vnerF.lt.t3  of  the  Pyrethrlns 

Pyrethrln  synergists  are  used  to  Increase  the  activity  of 
pyrethrum  preparations,  their  addition  makes  It  possible  to  apply 
pyrethrum  preparations  at  low  concentrations  and  to  thereby  lower 
the  expenditure  of  the  active  substance  by  2-3  times.  The  first 
proposed  synergist  was  sesarae  oil,  from  v/hlch  sesainln  was  extracted. 

A  more  powerful  synergist  is  plperonyl  butoxide,  which  increases 
the  effectiveness  of  the  mixture  by  approximately  15  times.  Due 
to  the  spread  of  resistance  among  arthropods  such  mixtures  are 
finding  broader  and  broader  application.  The  best  results  are 
provided  by  the  following  proportions  of  Ingredients:  for  example, 

2^  mg  of  pyrethrlns  and  200  mg  of  plperonyl  butoxide  per  100  mt 
of  solvent.  Such  a  mixture  is  effective  against  house  flies,  bed 
bugs,  fleas,  moths,  carpet  beetles  and  blood-sucking  flies.  In 
combating  cockroaches  special  mixtures  are  used:  60  mg  of  pyrethrlns 
and  300  mg  of  plperonyl  butoxide  per  100  n*.  of  solvent  with  a 
dilution  of  1:19.  Certain  other  proportions  are  used,  for  example 
1:2.5  (60  mg  of  pyrethrlns  and  150  mg  of  synergist  per  100  ml  of 
solvent)  etc. 

In  combating  flies  the  following  mixtures  are  recommended: 
0.025--0.05?  pyrethrlns  and  0.125-0.^?  plperonyl  butoxide  In  purified 
kerosene.  In  effectiveness  this  mixture  Is  approximately  equal  to 
0.1?  pyrethrlns.  The  addition  to  the  mixture  of  two  synergists 


(piperonyl  butoxlde  and  [MQK-26i|]  (MrK-264))  Increases  the  activity 
of  the  pyrethrlns  to  a  greater  degree  than  the  addition  of  one  of 
them. 

In  low  pressure  aerosol  preparations  there  Is  reconunended  the 
use  of  a  mixture  containing  from  0.2  to  pyrethrlns  and  1.6-2J^ 

piperonyl  butoxlde.  Such  a  mixture  Is  biologically  equivalent  to 
a  0.5%  solution  of  pyrethrlns  In  its  degree  of  paralyzing  action 
and  much  greater  than  it  In  lethal  outcome.  4 

For  treating  animals  a  1:10  proportion  Is  applied. 

The  physical,  chemical  and  biological  properties  of  pyr^thrum 
make  it  especially  useful  for  application  in  food  enterprises  and 
in  storehouses,  this  Is  explained  by  Its  rapid  action,  l.e.,  by 
tiie  creation  of  paralysis  In  insects,  by  the  absence  in  It  of  any 
significant  toxicity  to  mammals,  and  by  the  fact  that  it  doesn't  soil. 
The  addition  of  synergists  lowers  cost,  increases  stability,  and 
improves  the  ovicidal  and  acarlcidal  effect  of  mixtures.  Ini treating 
grain  in  elevators  In  the  United  States  not  more  than  3  parts  per 
million  of  pyrethrlns  and  20  parts  per  million  of  a  synergist  are 
used. 

Piperonyl  butoxlde  can  also  be  applied  as  a  synergist  of 
dDT,  hexachlorana,  chlordane  and  rotenone  preparations. 

Leroza,  Bertel  studied  synergism  in  over  200  compounds:  ethers 
and  esters,  alcohols,  acids,  acetones,  amide,  amines,  carbamates 
phenols  and  aldehydes.  The  synergetic  activity  of  3,^-nethylene- 
dloxyphenyl  ethers  such:  the  cyclohexane,  cyclohexylethyl, 
2-butoxymethyl,  (2-ethoxyethoxy)ethyl,  2-(2-butoxyethoxy)-ethyl 
radicals  increase  the  activity  of  the  pyrethrlns  by  9  times;  the 
cyclopentyl  and  2-chloroethoxy-ethyl  radicals  Increase  the  activity 
by  6-7  times;  the  remaining  radicals  —  from  2  to  5  times.  Octachlo- 
rolsoethyl  ether  increases  the  activity  of  the  pyrethrlns  by 
approximately  6  times. 


Sulfoxide  also  increases  the  effectiveness  of  the  pyrethrins; 
in  mixtures  its  content  is  10  times  more  than  the  pyrethrins  (Price). 

For  house  flies  resistant  to  the  organophosphorus  compounds, 
it  is  possible  to  use  sugar  bait  with  the  addition  of  pyrethrins 
or  allethrin  in  a  mixture  with  piperonyl  butoxide  at  a  ratio  of 
1;20. 


Synthetic  Pyrethrins 

In  recent  yeai-s  several  analogs  of  pyrethrin  have  been  obtained: 
al|lethrin,  barthrln,  dlmethrln  and  others. 

j 

Allethrin  -  C^gll2g02*  ester  dl-2-allyl-3-methyl- 

cyclopenten-2-ol-^»-one-l  and  dl-cls,  trans-chrysanthemummonocarboxylic 
acid. 

CH, 

X 
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•  This  ester  was  synthesized  in  19^9;  later  it  was  called  allethrin. 
Its  production  in  the  United  States  was-  begun  in  195^* 

Allethrin  is  a  homologue  of  cinerln  I;  it  is  the  first  synthetic 
preparatlojfi  similar  to  the  pyrethrins. 

Cinerln  differs  from  it  in  that  the  2-butyl  group  is  replaced 
in  allethrin  by  the  allyl  group.  Jhe  insecticide  obtained  from 
industry  is  a  mixture  of  8  optical  Isomers  possessing  the  characterlstl 
insecticidal  properties  of  pyrethrum. 

Technical  allethrin  la  an  oil  with  a  light-yellow  to  reddish- 
brown  color  depending  upon  the  content  of  impurities.  Tlie  boiling 


point  Is  1^)7-150®  at  0.4  mm  Hg;  the  density  Is  1.005-1.015;  the 
Index  of  refraction  Is  1.5040.  It  Is  Insoluble  In  v/ater,  but  soluble 
In  the  majority  of  organic  solvents  and  miscible  with  petroleum 
oil.  It  Is  soluble  in  alcohol,  carbon  tetrachloride,  petroleum 
ether.  It  is  chemically  similar  to  the  natural  pyrethrins. 

Alletlirln  Is  more  stable  when  heated  and  when  illuminated  with 
ultraviolet  rays  than  the  pyrethrins.  Allethrin  can  withstand 
prolon[-cd  storage.  For  example,  when  kerosene  solutions  were  stored 
In  a  refrigerator  for  10  years  Its  effectiveness  decreased  by  only 
14 when  stored  under  room  conditions  in  a  flask  of  brown  glass 
In  diffuse  light  the  effectiveness  of  this  solution  was  reduced 
by  and  when  stored  In  clear  vessels  by  38?;  when  stored  In 

vessels  of  clear  glass  under  Intermediate  solar  rays  the  solution 
lost  Its  effectiveness  almost  completely  within  6  years  (Qersdoriff ) . 

Allethrin  Is  used  in  solutions,  disinfecting  powders  and 
aerosols.  Activators  are:  plperonyl  butoxlde,  n-propyl-lsomer, 
piperonyl  cyclonene,  n-octyl  sulfoxide  isomer  and  Isosafrole 
(Lddy).  The  3,4-methylenedloxyphenyl  ethers  Increase  the  activity 
of  allethrin  to  3-|  times  depending  upon  the  radical,  whereas  the 
effectiveness  of  the  pyrethrins  with  the  addition  of  these  ethers 
is  increased  by  2-9  times. 

Allethrin  possesses  high  Insecticidal  properties;  an  Insect 
mortality  rate  of  50?  Is  observed  when  allethrin  is  applied  at  a 
dose  rate  of  0.008-0.015  ug  per  mosquito,  0.76-1  ug  per  common 
cockroach  and  0.36  wg  per  house  fly.  V/ith  the  addition  of  1  part 
piperonyl  butoxlde  to  1  part  allethrin  (1:1)  or  with  the  use  of 
5  tiiies  the  amount  of  only  allethrin  the  insecticidal  properties  with 
respect  to  flies  are  doubled.  Allethrin  Is  highly  toxic  to  lice; 

It  possesses  larvicldal  properties  with  respect  to  mosquito  larvae 
and  is  highly  effective  in  combsting  flying  Insects  when  it  Is 
sprayed  in  the  air. 

V.'iien  its  preparations  are  applied  on  susceptible  and  resistant 
female  flies  or  male  common  cockroaches,  and  also  on  the  oriental 
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cockroach  It  has  been  established  that  allethrln  is  equally  toxic 
to  both  strains  of  flies,  as  are  the  pyrethrlns.  The  LD^q  In 
micrograns  per  Insect  fluctuates  from  0.42  to  0.75  for  flies  and 
from  0.95  to  1.1  for  the  common  cockroaches.  Plies  resistant  to' 
pyrethrln,  are  also  resistant  to  allethrln. 

Allethrln  has  a  severe  effect  on  the  nervous  system  of, insects. 
The  symptoms  of  Intoxication  are  similar  to  poisoning  with  veratrlne: 
tremor,  excitation  changing  Into  convulsions,  clonic  spasms, 
muscular  fibrillation,  disturbance  of  coordination. 

Allethrln,  Just  like  the  natural  pyrethrlns.  Is  almost  completely 
lacking  in  pliytotoxlclty . 

To  the  higher  animals  allethrln  is  more  toxic  than  natural 
pyrethrln.  V/lth  the  oral  administration  of  the  20%  solution  In 
kerosene  to  nice  in  the  amount  of  480  mg/kg,  920  mg/kg  to  rats  and 
4920  mg/kg  to  rabbits  50%  of  the  animals  are  observed  to  die.  With 
Inhalation  the  lethal  dose  Is  10,000  times  greater  than  for  flies. 

In  prolonged  experiments  (during  the  course  of  a  yew?)  the  feeding 
of  a  rat  with  feed  containing  2000  parts  of  allethrln  per  million 
did  not  affect  Its  condition,  changes  also  were  not  observed  upon 
hystological  Investigation.  Analogous  data  were  also  obtained 
In  feeding  rats  for  16  weeks  with  feed  containing  5000  mg/kg. 

The  toxicological  properties  of  allethrln  are  similar  to  the 
toxicological  properties  of  the  pyrethrlns. 

besides  allethrln  a  number  of  other  compounds  was  synthesized, 
which  ar<^  ciiemlcally  similar  to  allethrln.  Including  3(cyclopentenyl)- 
2-methyl-4-oxo-2-cyclopentyl-chrysanthemummonocarboxylate ,  which 
1^  its  insecticidal  properties  Is  equal  to  allethrln  and  the 

p 

pyrethrlns. 

Darthrln  -  Cj^g]l2j^02jCl  -  6-chloroplperonyl  chrysanthemate. 

It  is  an  ester  of  d,l-cl8-trans-chry8anthemum  acid. 
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This  liquid  Is  light-yellow  in  color  v^ith  a  boiling  point  of 
liJu-l68°.  This  synthetic  analogue  of  the  pyrethrlns  consist  of 
4  isomers.  In  Its  Insecticidal  properties  with  respect  to  fli^s 
It  Is  3  times  weaker  than  pyrethrumi  with  respect  to  cockroaches 
it  is  16  times  weaker  than  pyrethrum.  V/hen  used  as  an  aerosol 
barthrin  is  highly  effective,  in  this  state  its  insecticidal 
properties  are  approximately  equal  to  3/4  the  activity  of  allethrin 
(7b'::). 

Tiie  addition  of  the  synergist  piperonyl  butoxlde  does  not 
increase  the  activity  of  barthrin. 

The  preparation  Is  only  slightly  toxic  to  warm-blooded  animals. 

Dlmethrln  - 


O’' 

«• 


This  Is  a  new  synthetic  analog  of  the  pyrethrlns.  This  liquid 
has  a  light-amber  color  and  a  specific  gravity  of  9B6  at  20^*. 

It  possesses  high  insecticidal  properties.  It  can  be  used  to 
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exterminate  body  lice,  animal  lice,  mosquitoes,  house  flies  and 
flies  annoying  animals  (stable  flies,  horn  flies  and  others). 
Dlmethrin  is  almost  nontoxic  to  warm-blooded  animals  (LD^q  is 
^0  g/kg),  and  as  a  result  of  this  certain  authors  recommend  it  for 
the  disinfection  of  drinking  water  to  combat  mosquito-carriers  of 
fllarlasls  in  the  Far  East. 


Rotenone 


Rotenone  --  derrls  (Derrls  tephorosis)  -  a  type  of  tropical 
thick,  woody  lianas,  rarely  upright  plants  consisting  of  over 
2000  species  wide-spread  on  the  malinlanus  and  islands  of  Southeast 
Asia  and  tropical  Africa,  in  New  Guinea,  Australia,  South  America, 
Brazil.  There  are  known  over  20  species  of  plants  possessing 
highly  effective  insecticidal  properties.  Inasmuch  as  they  contain 
rotenone  in  their  roots.  Derrls  is  propagated  exclusively  in  a 
vegetative  manner  --  by  cuttings  from  mature  stems.  Derrls  is 
cultivated  in  pure  stands  or  Intertilled  with  other  cultures  on 
rubber,  coffee  and  other  plantations.  The  roots,  which  are  gathered 
after  18-24  months  usually  do  not  exceed  the  thickness  of  a  pencil. 
Derrls  is  not  cultivated  in  the  Soviet  Union.  In  places  where  it 
is  prepared  including  in  the  United  States  it  is  applied  in  the 
form  of  a  disinfecting  powder,  just  like  pyrethrum.  Rotenone 
preparations  are  also  mentioned  in  literature  under  other  names, 
for  example,  rotenold  (malaccol,  elliptone,  sumatrol  and  so  forth )j 
derrls,  picolln  and  others.  Data  exist'  to  the  fact  that  a  wild 
plant  has  been  detected  in  Africa,  in  which  rotenone  is  contained 
in  the  leaves.  By  hybridization  and  selection  a  new  variety  of 
this  pl^nt  has  been  developed  in  Puerto  Rico;  if  the  original  plant 
contained  3.62  of  the  rotenold,  then  the  newly-developed  varieties 
contained  about  62  rotenold. 


Rotenone  -  C 
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is  a  crystalline,  colorless  substance  without  odor.  Its  melting 
point  is  163®,  in  its  amorphous  form  it  melts  at  l8®i  malaccol 
melts  at  24^1®,  elllptone  at  159®  >  sumatrol  at  I88®.  It  is  slightly 
soluble  in  Jcerosene;  it  reacts  with  vinegar,  dichloracetic  acid 
and  other  acids.  Rotenone  is  virtually  Insoluble  in  water  (15 
mg  per  i  at  100®),  but  it  is  soluble  in  certain  organic  solvents. 


In  solar  illumination  it  is  decomposed  within  5-6  days;  under 
the  effect  of  direct  solar  rays  within  3  days.  When  heated  for 
2  hours  at  100®  75?  of  the  rotenone  is  destroyed  and  5^?  of  the 
other  substances  extracted  from  derrls;  at  40®  for  a  period  of 
30  hours  4.6?  of  the  rotenone  and  16?  of  the  other  extractive 
substances  are  decomposed. 

Rotenone  disinfecting  powders  are  prepared  with  pyrophyllite 
or  talc  fillers  with  1  or  0.75?  rotenone  content.  From  the 
disinfecting  powders  suspension  are  prepared  without  the  addition 
of  wetting  agents. 

From  rotenone  5?  emulsions  are  also  prepared.  When  an  emulsion 
is  used  with  a  lower  rotenone  concentration  synergists  or  pyrethrlns 
are  added.  Emulsions  are  prepared  with  acetone,  pine  oil,  xylene 
or  alkylated  napthalene  fillers  with  the  addition  of  an  emulsifier 
and  a  synergist. 

In  preparing  aerosols  DDT,  or  methorychlor ,  or  lindane,  or 
•pyrethrlns  with  plperonyl  cyclonene  are  added  to  rotenone. 

It  is  not  recommended  that  rotenone  preparations  be  mixed 
with  lime,  Bordeaux  liquid  or  Paris  green  since  they  completely 


lose  their  effectiveness  In  this  event.  It  is  possible  to  mix  them 
with  aromlte,  chlordane,  DDT,  dleldrln,  lindane,  mja^lathlon, 
nlcotlne-sulfate,  parathlon,  toxaphene,  sulfur,  lead  arsenate  and 
other  preparations. 

Rotenone  in  Its  various  forms  Is  highly  effective  In  combating 
certain  peats  of  agricultural  plants,  and  also  in  combating  warble 
flies,  cat  lice,  flies,  animal  and  bird  lice,  bugs,  dog  lice,  the 
larvae  of  Anopheles  quadrlmaculatua  mosquitoes  and  others.  The 
larvae  die  when  they  are  submerged  In  water  containing  10  mg/l 
of  rotenone.  V/lth  a  topical  application  of  derrls  with  25%  rotenone 
on  American  cockroaches  at  a  dosage  of  approximately  2000  yg  per 
insect  a  mortality  rate  of  50%  Is  attained;  the  oral  administration 
of  1000  yg/g  provides  an  analogous  mortality  rate  of  other  cock¬ 
roaches.  Thus,  when  orally  administered  rotenone  Is  2  times  more 
toxic  to  Insects  than  when  contacted.  IThen  a  rotenone  solution  in 
oil  Is  injected  the  LD^g  Is  6-15  yg  per  Insect  for  common  cockroaches. 
In  spite  of  the  availability  of  numerous  Insecticides,  rotenone  is 
one  of  the  best  preparations  for  treating  animals  with  warble  flies; 

In  this  case  0.75-1^  disinfecting  powders  or  0.5-5?  emulsions  are 
used.  Rotenone  is  one  of  the  Insecticides  safe  for  application 
in  those  places,  where  bees  are  active. 

The  administration  of  rotenone  to  rabbits  with  their  food, 
containing  2  mg  per  kg  over  a  period  pf.  2  years  did  not  cause 
symptoms  of  poisoning.  Increasing  the  kmount  of  rotenone  In  their 
food  to  5  mg/kg  caused  changes  In  the  liver  and  the  appearance 
of  swelling  after  2  years. 

Pure  rotenone  possesses  considerable  toxic  properties  and  In 
Its  toxicity  Is  close  to  DDT  (Pukaml).  In  contrast  to  DDT  rotenone 
does  not  accumulate  In  the  fat  of  the  animals.  A  dose  of  200  mg 
Is  toxic  to  man. 
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Sabadllla 


Sabadllla  Is  a  perennial,  grassy,  bulbous  tropical  plant;  It 
grows  In  the  mountain  meadows  of  Central  America  and  the  West 
Indies.  It  Is  a  bulb  with  a  size  up  to  ^  cm.  The  seeds  of  sabadllla 
contain  from  1  to  mixture  of  the  alkaloids;  cevadlne,  veratrldlne, 
cevadllllne,  sabadllllne  and  sabatrlne.  This  mixture  under  the 
name  of  veratrlnc  Is  used  as  an  agent  against  lice,  especially 
head  ("lice  seed")  lice. 

Prom  sabadllla  seeds  an  Infusion  (sabadllla  vinegar)  Is  prepared, 
for  which  to  10  parts  of  90®  alcohol  and  l8  parts  of  30U  acetic 
add  there  are  added  10  parts  of  powder  from  sabadllla  seeds;  to 
the  Mixture  8  parts  of  water  are  added  and  It  Is  placed  In  a  warm 
place  for  a  week.  Before  using,  the  Infusion  Is  filtered  and  the 
hairy  parts  of  the  body  are  then  washed  with  it.  Also  prepared 
are  sabadllla  ointment,  aqueous  solution  and  alcohol  infusion. 

This  preparation  Is  not  used  In  the  Soviet  Union. 

False  Hellebore  | 

1 

False  hellebore  Is  a  perennial  plant  growing  on  the  marshy 
and  damp  forest  meadows  of  the  F.uropean  part  of  the  USSR,  In  the 
Caucasus,  In  Western  and  Eastern  Siberia,  In  the  Par  East  and  In 
Central  Asia.  Its  rhizome  contains  0.2-1%  alkaloids.  The 
pulverized  rhizome  of  the  white  false  hellebore  (Veratrum  album) 

In  tiie  form  of  a  powder  or  soap  solution  was  recommended  as  early 
as  l0i<2  to  combat  gooseberry  worms.  False  hellebore  has  been 
repeatedly  proposed  to  combat  flies  and  rodents,  but  It  has  not 
found  broad  application  In  practice.  The  rhizome  of  false  hellebore 
In  the  form  of  a  decoction  or  powder  Is  applied  In  veterinary 
laedlcine  as  an  external  agent  against  lice,  fleas,  blrdllce. 

The  toxic  properties  of  false  hellebore  are  ascribed  to  a 
group  of  alkaloids  represented  mainly  by  nervin  » 
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paeudonervln  (C2jH2NOy).  proveratridlne  and  others, 

The  latter  is  extracted  in  its  pure  foriui  it/  crystallizes  into 
tetragonal  prisms  with  a  melting  point  of  238-2^12° . 


The  main  objects  acted  on  by  false  hellebore  are  the  transverse- 
striated  muscle  tissue,  the  endings  of  the  sensitive,  secretory, 
vagus  nerves,  and  also  the  central  .nervous  system.  In  the  beginning 
these  elements  are  highly  excited,  and  then  they  are  paralyzed. 
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CHAPTER  VIII 


VARIOUS  COilPOUNDS  POSSESSING 
INSECTICIDAL  PROPERTIES 


Alblchtol 

Alblchtol.  A  product  of  processing  schlsts-alblchtol  consists 

of  honiologues  of  thiophene  with  an  admixture  of  neutral  hydrocarbons; 

It  is  a  transparent,  yellow,  readily  mobile,  o.’ iy  liquid  possessing 

strong  specific  odor;  It  contains  10-12, C  sul  r,  it  burns  with 

tiie  formation  soot;  the  preparation  was  intrrcuced  into  dlslnfesta- 

tlonal  upon  the  proposal  of  T.  E.  Boldyrev.  The  preparation 

possesses  insecticidal  properties  with  respect  to  lice,  bugs, 

cockroaches  and  their  eggs.  From  alblchtol  there  is  preparedi  a 

liqueur  containing  ^0%  green  or  naphthenic  soap  and  50%  alblchtol. 

The  hairy  surfaces  of  the  skin  are  treated  with  a  501^  aqueous 

emulsion  of  the  paste  and  after  10-15  minutes  they  are  washed; with 

warm  water.  Disinfestation  of  linen,  furnishings  and  quarterjj 

are  carried  out  with  a  lOii  aqueous  emulsion.  It  can  be  used  to 

exterminate  the  pre-lmaglnal  developmental  stages  of  flies  In 

manure,  for  wlilc];  1  i  of  paste  is  diluted  with  5  t  of  water  In  a 

2 

bucket  and  tiien  applied  on  1  m  .  Alblchtol  at  the  present  time  Is 
not  used  in  combating  parasites  of  man  and  pests  in  his  dwellings. 

It  can  be  used  only  In  the  extreme  case  of  the  absence  of  other 
substances. 
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.  Bengyl  Benzoate 

I 

Benzyl  benzoate  - 


0 


Its  molecular  weight  Is  212,24.  It  appears  as  transparent 
crystals  or  a  colorless  liquid  with  an  ester  odor.  The  melting 
point  of  the  crystals  Is  21®,  the  boiling  point  Is  324°  at  760 
mm  Hg,  l80-l8l°  at  16  mm  Ilg,  156°  at  4.5  nun  Hg.  Its  density  Is 
1.118,  Its  Index  of  refraction  Is  1.568.  The  molecular  weight  is 
212,24.  It  la  Insoluble  or  only  slightly  soluble  In  water;  It 
subllmlnates  with  steam,  It  Is  soluble  In  alcohol,  chloroform,  j 
ether,  acetone.  In  oil;  It  Is  Insoluble  In  glycol. 

It  can  be  used  In  the  form  of  20-25X  solutions  to  combat  body 
and  pubic  lice  (a  25)J  emulsions  of  benzyl  benzoate  +  2%  benzyl 
alcohol  +  an  Inert  detergent).  Abroad  preparations  having  other 
compositions  are  manufactured:  "benzamol-D"  contains  15%  benzyl 
benzoate,  coconut  soap.  Isopropyl  alcohol  up  to  lOOJJ;  "toplclde” 

Is  ah  aqueous  emulsion  for  the  extermination  of  head  and  bo^y  lice; 

It  contains  12.5%  benzyl  benzoate,  1<  DDT,  2%  benzocalne;  "cilate” 
consists  cf  3655  benzyl  benzoate,  5255  Isopropyl  alcohol  and  12? 
alcohol  filler. 

When  topically  applied  the  [lD^q]  (  JWqq  )  for  lice  is  22  ml/kg,  for 
bugs  It  is  75  ml/kg.  It  Is  applied  by  spraying  fabrics  at  a  rate 
^of  3.5  g/m  .  A  fabric  impregnated  with  this  preparation  retains 
Its  Insecticidal  properties  after  two  washings;  after  a  third 
washing  the  Insecticidal  properties  are  considerably  weakened.  The 
preparation  can  also  be  used  to  combat  fleas.  It  possesses  higher 
repellent  qualities  with  respect  to  fleas  than  dimethyl  phthalamate. 
Indole,  rutgers  and  others. 
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It  Is  only  slightly  toxic  to  wanyhlooded  anlaals. 

Blsethylxanth^en 


Blsethylxanthogen  (preparatlon-K>l^  ^  product 

of  the  oxidation  of  ethylxanthogenlo  acid.  In  its  pure  form 
it  is  a  crystalline  substance  with  a  white  or  light-yellow  color 
and  having  a  mild  specific  odor.  The  structure  of  this  preparation 
can  be  expressed  by  the  following  formula: 


o— C— S— s— C— 0— QA 


The  preparation  Is  alMst  Insoluble  In  water ,|Jsllghtly  soluble 
In  many  organic  solvents  (ether,  benzene,  chloroform,  acetone, 
carbon  tetrachloride),  and  only  very  si'ghtly  soluble  in  ethyl 
alcohol.  It  contains  52.92%  sulfur.  The  Insolubility  of  the 
preparation  In  water  gives  to  It  great  stability  on  fabrics.  The 
melting  point  of  the  preparation  (28-29^)  causes  Insignificant 
evaporation  of  It  at  room  temperature.  It  Increases  upon  the 
wearing  of  Impregnated  fabric  on  the  body.  For  purposes  of  dlslnfes- 
tatlo*-/  there  are  manufactured  ointments  containing  10-201  blsethyl¬ 
xanthogen,  and  soap-K  (a  mixture  ol^ 'household  soap  and  the; 
preparation).  The  basic  form  of  apjp^lcatlon  of  the  preparation  Is 
soap  (F.  S.  Khanenya,  S.  V.  ZhuravleV,  N.  I.  Soboleva). 

From  soap-K  there  are  prepared  2-5%  aqueous  emulsions.  Soap-K 
cut  Into  fine  ahavlngs  Is  dissolved  In  water  heated  to  35  or  40® 
and  mixed  with  a  wooden  blade  to  obtain  a  mlform  milk-white i or 
slightly  yellowish  emulsion.  The  rate  of  expenditure  of  soap-K 
to  obtain  a  2%  Is  20  g,  and  to  obtain  a  5%  emulsion  50  g  per  i 
of  water.  The  water  emulsions  are  used  to  exterminate  lice. 

Linen  is  placed  for  20  minutes  In  a  21  prepared  emulsion  at  a  rate 
of  one  unit  per  i.  During  this  time  the  linen  Is  stirred  with  a 


301 


,  *  .  /■'  •  rr 

iMt  • 


paddle.  In  treating  bed  limm  jfx  lexpenditoire  emuls^lon 

is  used  for  each  sheet  and>||IA^qi|if|iae.  After  ^0  Ktat^es  the 
Is  removed,  wrung  slightly  Cff^lN^ilng  In  the  quarters,  and 
summertime  It  Is  hung  In  tb*  iMiiie  outside  at  am  air  temperatuM 
not  higher  than  40-45^.  The  linen  cannot  be  Ironedbirith  a  hot 
Iron,  since  at  high  temperatures  the  preparation  Is  decomposed. 

The  dried  linen  Is  cold-proceaeed  with  a  mangle.  The  linen  and 
wearing  apparel  treated  with  preparatlon-K  retain  their  Insecticidal 
properties  for  13-15  days  In  the  summer  and  up  to  20  days  In  the 
winter.  The  Impregnation  of  the  linen  with  the  preparation  Is 
also  carried  out  on  special  ribbon  machines. 


Ointments  with  vaseline  sis  the  fillers  are  used  as  prophylactic 
agents  In  combating  parasites  on  clothing  a.d  on  the  hairy  parts 
of  the  body.  The  ointment  Is  placed  with  one  finder  on  the  palm 
and  rubbed  between  the  palmsi  after  which  It  is  rubbed  into  the 
hairy  parts  of  the  body  until  the  hair  Is  no  longer  oily.  The 
rubbed-ln  ointment  with  preparatlon-K  Is  allowed  to  remain. In  the 
hair  for  8-9  hours,  during  which  the  gradual  extermination  of  the 
Insects  occurs.  In  treating  clothing  the  20%  ointment  with  prepara- 
tlon-K  Is  placed  on  a  rag,  paper,  cotton,  gauee  (bandage)  and 
thoroughly  rubbed  In  a  thin  layer  Into  the  seams  on  the  in^biemal 
side  of  a  pull-over  tunic  and  trousers.  The  expenditure  of  prepara¬ 
tion  Is  approximately  equal  to  10-15  unit  of  clothing.  After 

treating  clothing  with  the  ointment  tte  hands  should  be  thoroughly 
washed.  When  fabric  treated  with  prepwatlon-K  comes  In  direct 
contact  with  the  human  body  skin  Inltlitlon  Is  observed.  Furthermore, 
the  preparation  possesses  a  persistant  unpleasant  odor.  In  spite 
of  the  Indicated  deficiencies  this  preparation  has  found  broad 
application  In  dlslnfestatlonal  practice. 

Auxiliary  atabstances  OP-7  And  OP-10 

The  auxiliary  substances  OF-7  and  OP-10  (solvents,  emulsifiers, 
wetting  agents). 

\ 
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In  appearance  these  are  oily  or  paste-like  substance  at  room 
temperature  with  a  light-yellow  to  dark-brown  color;  In  chemical 
composition  [OP-7]  (011-7)  and  OP-10  are  a  mixture  of  mono  and 
dialkylphenyl  etiiers  of  polyethylene  glycol  -  the  alkyl  residue 
containing  7-10  atoms  (OP-7)  or  9-10  atoms  of  carbon  (OP-10), 

Is  0.02-0.03JS  soluble  In  water;  the  solutions  moisten  the  cuticle 
of  insects,  the  surfaces  of  plant  leaves  and  others. 

The  aqueous  solutions  are  resistant  to  alkaline  and  alkaline 
earth  metals;  with  agitation  they  form.  The  OP-7  and  OP-10  dissolve 
many  organic  compounds,  and  because  of  these  preparations  are  used 
to  prepare  concentrated  emulsions  of  certain  water-insoluble 
Insecticides  ([DDT]  (jypT))  and  others. 

Dlphenylamlne 
Dlphenylamlne  ([DPA]  (jH^A) 


Dlphenylamlne  Is  a  white  crystalline,  substance  possessing  a 
unique  odor.  Its  melting  point  Is  5^®;  Its  boiling  point  Is 
302®.  It  Is  soluble  In  alcohol,  ether,  benzene,  but  Insoluble 
In  water.  It  Is  applied  In  the  form  of  a  25%  disinfecting  powder  - 
1  part  pulverized  preparation  with  3  parts  filler  (talc).  It  Is 
used  both  for  prophylactic  purposes,  and  also  for  the  extermination 


of  body,  head  and  pubic  lice.  The  expenditure  of  powder  per  piece 
of  linen  Is  7~8  g,  per  pull-over  tunic  and  trousers  9-12  g,  per 
sheepskin  Jacket  and  coat  15-20  g.  It  acts  slowly  on  Insects, 
a  person  Is  deloused  after  2-3  days;  the  effectiveness  of  the 
preparation  In  treated  articles  Is  retained  for  10-12  days. 

Green  Oil 


Green  oil  (petroleum)  Is  a  product  of  processing  of  oil  and 
Is  a  thick  dark-brown  colored  liquid,  which  Is  Insoluble  In  water; 
it  contains  up  to  5%  napthalene  in  solution.  Its  specific  gravity 
Is  0.89-0.95.  The  boiling  ranges  are  150-350®;  not  less  than  95% 
Is  driven  off.  It  Is  used  In  reservoirs  to  control  the  larvae 
and  pupae  of  mosquitoes. 

The  effectiveness  of  green  oil  Is  considerably  Increased  when 
It  Is  used  In  dlchloroethane.  There  has  been  developed  the 
preparation  Insectol,  which  In  a  5%  aqueous  emulsion  causes  the 
complete  extermination  of  mites,  ticks,  granary  weevils  and  their 
eggs . 


For  the  disinfestation  of  vacant  granaries,  cellars,  external 
walls  and  adjacent  territories  an  emulsion  Is  used,  which  Is 
prepared  from  green  oil  concentrate  prepared  by  the  factory  method. 
The  green  oil  concentrate  contains  SS%  green  oil,  6.6!^  sulfonated 
oil,  6.6%  napthenlc  acid,  0.8$  alkali. 

Carbolic  Acid 


Carbolic  acid  -  phenol- (CgH^OH) . 

Its  melting  point  Is  ^3®;  its  boiling  point  Is  l8l®.  It  Is 
Introduced  Into  the  composition  of  certain  preparations  to  Intensify 
their  ovicldal  properties.  In  Individual  cases  to  combat  bugs 
soap-carbolic  mixtures  can  be  applied  (35$  naphtha  soap,  15$  phenol, 
50$  water)  at  10$  aqueous  dilution. 
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Cresols 


Cresols  -  CgHgO. 

00  OH  OH 


Synonym:  unpurlfled  carbolic  acid  (raw  cresols).  It  contains 

1  -  ortho-eresol  I  (melting  point  30®,  boiling  point  191®), 

2  -  meta-cresol  II  (boiling  point  201®),  3  “  para-cresol  III 
(melting  point  35.5®,  boiling  point  201®). 

They  are  used  mainly  to  pour  over  rubbish  and  waste  material 
for  the  purpose  of  exterminating  fly  larvae;  10)(  aqueous  dilutions 
of  soap-cresol  emulsion  are  used  (60  parts  unpurlfled  carbolic 
acid,  40  parts  naphtha  soap).  In  a  number  of  cases  Its  distillates 
are  used  -  5$  emulsion  (slllzol). 

Kerosene 


Kerosene  Is  a  mixture  of  saturated  hydrocarbons  of  the  aliphatic 
series;  It  Is  a  fraction  of  oil,  which  Is  obtained  by  distillation 
of  the  latter  In  the  150-300®  Interval.  The  specific  gravity  of 
kerosene  Is  from  0.76  to  0.85.  Kerosene  Is  Inflammable  but  the 
possibility  of  It  exploding  during  dlslnfestatlonal  operations  Is 
Improbable.  Purified  kerosene  Is  a  light  liquid  with  a  mild 
odor;  It  does  not  leave  persistent  spots  on  paper  and  on  fabric. 

Kerosene  Is  not  soluble  In  water,  but  Is  able  to  form  an 
emulsion  with  It.  The  Insecticide  properties  of  kerosene  are 
considerable  Increased  when  It  Is  used  In  the  form  of  soap  emulsions 
or  mixed  with  other  Insecticidal  preparations.  Kerosene-soap 
emulsions  are  prepared  from  water,  kerosene  and  soap  (as  an 
emulsifier).  For  good  stability  the  emulsion  during  preparation 
must  be  thoroughly  mixed  and  a  sufficient  amount  of  soap  must  be 
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added  to  It.  First,  the  basic  mixture  Is  prepared.  For  this  the 
soap  Is  dissolved  In  a  small  quantity  of  hot  water  (approximately 
10  times  less  than  the  desired  amount  of  emulsion).  During  the 
mixing  a  fine  stream  of  kerosene  Is  poured  Into  the  solution  and 
the  liquid  Is  simultaneously  and  thoroughly  agitated.  When  the 
mixture  has  taken  on  a  uniformly  milky  color  (after  approximately 
15.20  minutes),  the  agitation  Is  stopped  and  the  necessary  amount 
of  water  Is  added.  A  well-prepared  liquid  has  the  form  of  milk 
and  does  not  become  stratified  for  at  least  5  hours.  A  poorly 
prepared  emulsion  rapidly  breaks  up  Into  Its  component  parts, 
and  the  kerosene  floats  to  the  top  In  the  form  of  oily  spots. 

Using  kerosene  or  preparations  containing  kerosene  In  Its  heated 
form  considerably  accelerates  the  extermination  of  the  parasites 
and  their  eggs.  Kerosene  acts  like  a  liquid  contact  Insecticide. 

It  possesses  the  ability  to  Impregnate,  to  coat  and  to  stop  up 
the  pores  of  Insects  and  to  affect  their  respiratory  tracts. 

Kerosene  Is  a  component  part  of  many  mixtures  Intended  to  exterminate 
lice,  bugs,  fleas  and  other  parasites. 

Lethane  384 

Lethane  38A  -  CjjH^0CH2CH20CH2CH2SCN.  Synonyms:  2“butoxy-2- 
thlocyanodlethyl  ester;  2-[2-(butoxy)ethoxy]  ethyl  ester  of 
thlocyanlc  acid;  butyl-carblnol-rhodanote;  butyl-carbinol-thlocyanate. 
Its  molecular  weight  Is  20^,3 • 

It  Is  an  oily  liquid  having  a  yellow  to  brown  color;  the 
molecular  weight  Is  203,3;  the  boiling  point  Is  124®  at  0.25  mm  Hg; 

Its  density  Is  0. 915-0. 93>  It  is  almost  Insoluble  In  water;  It 
readily  dissolves  In  the  majority  of  organic  solvents;  in  kerosene 
the  flash  point  Is  approximately  45^.  Lethane  384  (the  most 
wide-spread  preparation  of  this  compound)  contains  by  weight 
53-561  (average  54.5)  or  50$  by  volume  of  active  substance  In  the 
form  of  an  ester  of  2-butoxy-2-thlooyanodlethyl.  It  must  be  used 
with  caution  since  it  penetrates  through  Intact  skin.  When  It 
contaminates  the  skin  It  should  be  Immediately  washed  off,  when  It 
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contaminates  clothes  they  must  be  washed.  It  Is  highly  toxic  to 
body  lice  and  bed  bugs;  the  LD^q  for  the  former  with  spraying  Is 
equal  to  13.5  vg/g*  and  for  the  latter  450  ng/g. 

Lethane  possesses  an  Intermediate  toxicity  to  warm-blooded 
animals;  the  LO^g  upon  oral  administration  to  rats  Is  equal  to 
approximately  90  mg/kg»  when  applied  on  the  skin  of  rats  the 
Is  0.6  mi/kg.  The  toxicity  of  lethane  to  guinea  pigs  Is  approximately 
the  same*  as  to  rats.  Dogs  are  considerably  more  sensitive  to  this 
preparation  than  rats,  guinea  pigs  or  rabbits.  When  orally 
administered  to  dogs  the  LD^g  Is  equal  to  0.05  mi/kg. 

Lysol 

Lysol  consists  of  cresols  treated  with  potassium  soap;  lysol 
Is  prepared  by  the  factory  method  from  technical  pure  cresol  and 
green  potassium  soap;  It  Is  an  oily  liquid  with  a  russet  color 
(Its  specific  gravity  Is  1.035-0.050),  frothing  greatly  when 
shaken;  It  has  a  cresol  odor,  an  alkaline  reaction,  and  Is  readily 
soluble  In  water,  alcohol  and  benzene.  The  aqueous  solutions  of 
lysol  are  transparent  and  colorless.  With  the  presence  of  salts 
of  the  alkaline  earth  metals  In  water  the  solutions  opalesce  to 
a  minor  extent. 

For  disinfestation  lysol  is  used  In  Its  hot  form  60-70° 

at  5-lOJK  concentration.  In  combating  fleas  the  expenditure  Is 

2 

0.1  1  or  5-10  g  of  preparation  per  1  m  . 

Lysol  Is  used  to  combat  lice,  during  which  the  linen  Is 
submerged  for  hours  In  a  lOS  solution  of  lysol  using  800  mi 

per  piece  of  linen.  Upholstered  furniture  Is  cleaned  with  brushes 
moistened  with  this  solution.  With  repeated  disinfestation  an  odor 
remains  for  a  long  time  In  the  quarters  after  the  application  of 
lysol,  and  the  quarters  cannot  be  utilised. 
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In  carrying  out  disinfestation  at  sites  of  parasitic  typhus, 
and  also  at  sites  with  mixed  Infection  It  Is  more  expedient  to 
use  a  combined  preparation  consisting  of  a  5S  solution  of  lysol 
and  0.1!^  DDT;  this  preparation  possesses  bactericidal,  ovlcidal. 
Insecticidal  and  rlckettslcldal  action.  Pablrcs,  treated  with  this 
mixture  retain  their  Insecticidal  properties  for  not  less  than  a 
month. 

According  to  Z.  A.  Llganova,  the  ovlcidal  action  of  lysol 
exhibits  a  30-mlnute  effect  of  the  5%  solution  on  the  nits  of  body 
lice.  In  disinfecting  lousy  linen  with  typhus  sites  lysol  at  a 
5%  concentration  leads  to  the  extermination  of  the  Rickettsiae 
located  In  the  organise  of  lice  after  a  4>hour  exposure.  Lysol 
In  combination  with  DOT  at  this  concentration  does  not  affect 
Rickettsiae  located  Inside  the  organism  of  lice.  Rickettsiae 
prowazekll  located  outside  the  organism  of  lice  with  application 
of  a  solution  of  pure  lysol  In  combination  with  DDT  are  exterminated 
after  a  5->mlnute  exposure. 

Soap 

Soap  •>  salts  of  high-molecular  fatty  acids.  In  technology 
soaps  are  considered  to  be  the  potassium  and  sodium  salts  of  the 
higher  fatty  acids,  the  molecules  of  which  contain  not  less  than 
8  and  not  more  than  20  carbon  atoms,  and  also  the  napthenlc  and 
reslnlc  acids  (rosin)  similar  to  them;  the  aqueous  solutions  of 
these  salts  possess  surface  active  and  detergent  properties. 

Industry  turns  out  various  soaps  depending  upon  their  purpose. 

Green,  household  or  naptha-petroleum  soaps  possess  weak 
jlnsectlcldal  properties.  However,  the  addition  of  soap  to  a  number 
of  disinfecting  agents  Increases  their  Insecticidal  capacity,  and 
also  Increases  their  ability  to  wet  insects  and  extend  the  contact 
between  the  disinfecting  agent  and  the  Insect.  Soap  serves  as  an 
emulsifier  and  a  solvent  for  disinfecting  agents  which  are  Insoluble 
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In  water.  With  weekly  waahlng  of  the  body  and  linen  of  the  lice 
on  man's  body  and  linen  are  eliminated.  The  observance  of  this 
rule  prevents  lousiness.  Soap  In  combination  with  certain  prepa¬ 
rations  Is  used  as  an  agent  for  exterminating  lice  and  bugs. 

Waphthalysol 

Naphthalysol  Is  a  russet-colored  liquid  with  the  odor  of 
kerosene;  It  Is  a  mixture  of  cresol  (up  to  35%)  and  naphtha  soap 
(up  to  65X).  It  dissolves  well  In  water*  It  Is  used  In  the  form 
of  5-lOS  warm  aqueous  solutions  for  the  disinfestation  of  linen 
(soaking  for  an  hour)j  clothes  (by  rubbing  with  brushes  moistened 
with  the  solutions),  footwear,  other  objects,  especially  In  bath 
house  and  sanitation  centers. 

Petroleum 

Petroleum  >  an  oily  liquid  of  various  consistency  with  a  brown, 
almost  black  color,  which  Is  almost  completely  Insoluble  In  water. 

Its  specific  gravity  Is  0.8-0.95*  In  chemical  makeup  It  Is  a  mixture 
of  various  hydrocarbons  with  an  admixture  of  organic  oxygen, 
sulfur  and  nitrogen  compounds.  It  possesses  considerable  volatility 
depending  upon  the  hydrocarbons  Included  In  Its  composition*  It 
Is  a  source  material  for  obtaining  certain  preparations  utilised 
in  dlslnfestatlonal  practice.  It  Is  used  to  petrollse  marshy 
places  and  reservoirs  Infested  with  the  larvae  of  the  Anopheles 
mosquito. 

The  products  of  petroleum  distillation  depending  upon  their 
volatility  are  subdivided  Into  petroleum  e.her,  benslne,  kerosene, 
gasoline  and  light  lubricating  oils.  From  the  residue  after  the 
distillation  process  there  Is  obtained  a  l^.rge  portion  of  the  oils, 
and  also  the  solid  fractions  -  vaseline  and  bitumen  (from  the 
asphalt  residuum).  In  crude  oil  aromatic  and  unsaturated  hydrocarbons 
can  be  present.  Oil  finds  application  In  disinfestation,  In  treating 
of  swamps  and  reservoirs.  In  combating  the  malarial  mosquito. 
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V.  N.  Qubin  (1924),  studying  the  causes  of  the  loss  fron  an 
aqueous  surface  of  a  petroleum  film,  arrived  at  the  conclusion 
of  the  existence  In  water  of  bacteria,  which  assimilate  the  hydro¬ 


carbons,  which  make  up  petroleum.  In  connection  with  this  the 


author  proved  the  expediency  of  adding  acids  which  created  In  a 
petroleum  film  conditions  unfavorable  for  the  development  of 
bacteria  and  simultaneously  decrease  the  viscosity  of  the  oil  by 
up  to  l|>  times. 

0.  V.  Khlopln  and  A.  F.  Nikitin,  Tu.  P.  Mufel*  and  E.  M. 
Outersuin  established  the  harmful  effe  t  of  oil  on  fish  when  ponds 
are  petrollsed.  The  most  poisonous  were  the  naphthenic  acids. 

In  using  a  dilution  of  1:50,000-1:330,000  parts  water,  or  0.02  g 
per  i,  fish  died,  nie  hairmful  effect  of  oil  on  fish  Is  caused 
not  only  by  Its  direct,  but  also  to  a  considerable  degree  by  Its 
Indirect  action  -  by  decreasing  the  food  of  the  fish  due  to  the 
destructive  action  of  the  oil  on  water  fleas.  This  Is  especially 
unfavorably  reflected  In  fish  ponds,  which  contain  fry. 

These  very  same  preparations  on  reservoirs  with  small  area 
bring  about  the  Illness  and  death  of  water  birds.  In  particular 
the  nestlings. 

I.  I.  Khatuntsev,  A.  A.  Blakhov  and  A.  D.  Xuptsova  established 
that  0^1  sharply  lowers  the  density  of  rice  culture,  especially 
during  the  shooting  period.  The  authors  observed  burns  on  plants, 
and  also  a  considerable  reduction  In  the  productivity  of  this 
culture. 


Synonyms:  plval,  “I’ralyl-valone,  plvalyl-lndandlone;  2-tsrt- 
butyl-ltS-lndandione;  tert-butylvalone.  It  Is  a  solid  erystalllne 
substance  bright-yellow  In  color  with  a  very  weak  odor;  Its  melting 
point  Is  108.5>110^i  It  Is  Insoluble  *n  water;  It  dissolves  In 
dilute  alkalis  and  ammonia.  The  compound  Is  highly  toxic  to  mammals. 
It  Is  used  to  combat  rodents,  and  also  for  therapeutic  puz>poses 
(It  Is  an  anticoagulant  similar  to  coumarln  and  Its  derivatives). 

Plval  possesses  high  contact  toxicity  to  house  flies,  lice,  animal* 
and  their  eggs,  and  Is  also  effective  with  respect  to  ticks,  mites, 
flea  imagoes  and  mosquitoes. 

The  l,3''lndandlones,  with  acyl  replaced  In  the  second  position 
have  an  Increased  toxic  effect  on  files  In  proportion  to  the  Increase 
of  the  length  of  the  carbon  chain  from  C2  to  C^;  further  lengthening 
of  the  chain  leads  to  a  reduction  In  Its  Insecticidal  properties. 

Plval  Is  a  llpoldsoluble  neurotoxic  poison  with  respect  to 
insects.  It  possesses  certain  selective  properties.  Thus,  for 
example,  as  a  contact  poison  It  Is  effective  for  flies,  mites  and 
ticks,  but  It  Is  Ineffective  for  the  American  cockroach  upon  contact 
or  after  It  Is  orally  Introduced.  When  It  is  injected  Into  the 
hemolymph  or  trachae  of  the  cockroach  It  has  a  rapid  effect  with 
paralysis  after  several  minutes;  the  insect  does  not  return  to  norm. 

Although  the  preparation  Is  toxic  to  files  as  a  contact  poison, 
(as  are  the  others  acylated  1,3-lndandlones)  it  acts  rather  slowly 
(Table  17-18).  To  accelerate  death  and  the  advent  of  paralysis 
It  Is  recommended  that  pyrethrum  be  added.  Its  application  In  a 
mixture  with  the  pyrethrlns  can  significantly  lower  the  expenditure 
cf  the  latter.  The  preparation  possesses  weak  action  as  an  Intestinal 
poison  for  flies. 

Plval  In  Its  toxicity  to  body  lice  Is  approximately  equal  to 
DDT,  but  It  Is  not  completely  harmless  to  human  skin;  furthermore, 

It  does  not  withstand  washing  (when  It  Is  used  to  Impregnate  linen). 


Table  17.  The  mortality  rate  of  hwuae  fllea  In  percents  24  hours 
after  the  application  on  the  baok  of  the  thorax  of  alcohol  solutions 
of  the  preparations  (average  daM  nn  5  experiments  according  to  Ye.  V. 


Number  of 
flies  In 
one  exper¬ 
iment 

Mortality  rate 
doses  In  grams 

of  flies  caused  by 

0.5 

2.5 

.5 

10 

1 

Bensoyl  Indandlone  . . 

200 

0 

13 

17 

66 

100 

Plval  Indandlone  .... 

200 

13 

53 

85 

100 

When  plval  la  or*'.lIy  administered  to  rabbits  the  lice  drinking 
the  blood  of  these  anls^ls  died;  the  minimum  effective  dally  dose 
In  the  feed  of  rabbits  Is  0.l6  mg/kg.  Young  nymphs  feeding  on  these 
animals  2  times  a  day  die  after  3  days.  With  a  dos*  of  0.125  mg/kg 
only  50$  die.  The  toxicity  of  the  blood  of  a  rabbit  Is  retained 
for  3  days  after  the  cessation  of  the  Introduction  of  the  preparation. 


Table  18.  Death  rate  pf  house  files  In  percents  when  bread  balls 
rolled  In  the  preparation  In  Its  dry  form  are  used  (the  average 
data  of  5  experiments  according  to  Ye.  V.  Shany^er). _ 


Name  of  the  preparation 

Number  of 
flies  In  one 
experiment 

Mortality  of  flies 

In  days 

1 

2 

3 

4 

5 

Zooeoumarln . 

100 

0.6 

2 

5 

22 

33 

Plval  Indandlone  • . .  • 

100 

15 

60 

96 

99 

lOP 

Bensoyl  Indandlone . 

100 

70 

99.4 

100 

Control  . 

100 

0.6 

1.8 

1.8 

2 

2.5 

Plval  Is  highly  toxic  to  animals.  It  belongs  to  the  group 
of  anticoagulants;  it  possesses  wmmlatlve  properties.  Its  toxicity 
Is  higher  when  dally  administered  In  small  doses  than  when  administered 
In  a  large  single  dose.  With  a  single  Introduction  the  Is 

equal  to  75-100  mg/kg  ^or  dogs;  the  subaoute  dose  Is  15-35  mg/kg 
when  administered  at  a  rate  of  2.5  stg/kg  per  day.  Death  comes 
ibalnly  as  a  result  of  hemorrhagic  developments. 
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It  Is  used  In  the  form  of  poisoned  bait  containing  0.025IK 
of  the  preparation  in  combating  rodents >  This  has  been  described 
for  wild  animals  and  birds. 


Turpentine 

Turpentine  is  a  product  of  the  processing  of  oleoresin 
extracted  from  various  kinds  of  coniferous  trees  by  tapping.  It 
is  sold  In  its  purified  and  unpurified  forms. 

Purified  turpentine  Is  an  almost  colorless,  transparent  liquid 
possessing  a  rapidly  volatilizing  odor.  Its  specific  gravity  is 
O.SS-O.SS.  Turpentine  Is  a  mixture  of  several  hydrocarbons,  of 
which  the  main  one  a-plnene  has  a  boiling  point  of  155-*l60”. 

Unpurified  turpentine  is  a  russet-colored  liquid  with  a  very 
unpleasant  odor,  which  can  cause  headache.  Turpentine  is  not 
soluble  In  water  an|i  is  not  miscible  with  water;  it  is  inflammable 
and  dangerously  explosive.  The  better  varieties  of  turpentine 
do  not  leave  spots  on  paper  and  fabrics,  and  their  odor  does  not 
remain  long  In  living  quarters. 

In  dislnfectlonal  practice  it  is  used  to  exterminate  bugs  and 
fleas  and  more  rarely  to  kill  lice;  turpentine  is  used  in  the 
form  of  mixtures  with  kerosene  and  napthalene  or  in  a  form  of  a 
water-scap  emulsion.  The  following  mixture  are  prepared  from 
turpentine:  1)  30%  turpentine,  70%  kerosene;  2)  2^%  turpentine, 

3%  napthalene,  70%  kerosene;  3)  a  water-soap,  turpentine-kerosene 
mixture  consisting  of  40S  soap,  30l  turpentine  and  30X  kerosene. 

The  mixture  Is  prepared  in  the  following  manner:  in  a  water  bath 
green  liquid  or  solid  household  soap  is  melted  or  brought  to  its 
liquid  state;  the  melted  soap  is  taken  from  the  fire,  and,  observing 
the  rules  fire  safety,  with  continuous  and  thorough  mixing  turpentine 
and  kerosene  are  addled.  As  a  result  a  thick,  viscous  mass  is  obtained. 
According  to  need  and  before  beginning  the  dlsinfestational  operations 
a  10]^  aqueous  working  emulsion  is  prepared  from  the  obtained  maas. 
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For  this  there  Is  added  to  the  mass  a  measured  amount  of  hot  water 
while  stirring  energetically  before  the  homogeneous,  milk-colored 
liquid  Is  obtained. 

When  mixtures  and  emulsions  of  turpentine  are  used  bugs,  fleas 
and  lice  die  rapidly  and  after  a  longer  period  of  time  the  eggs  of 
these  insects.  Furthermore,  turpentine  mixtures  can  be  used  to 
delouse  hairy  parts  of  the  body  by  rubbing  the  mixture  with  the 
subsequent  application  of  dressings  to  the  treated  places.  After 
20-30  minutes  the  dressings  are  removed  and  the  preparation  is 
washed  off  with  warm  water.  It  is  necessary  to  take  precautions, 
so  that  the  applied  preparations  did  not  get  Into  the  eyes.  Further¬ 
more,  It  Is  necessary  to  keep  In  mind  that  turpentine  preparations 
can  Irritate  the  skin  and  affect  the  kidneys.  After  applying  a 
turpentine-kerosene,  water-soap  emulsion  to  walls  traces  and  running 
streaks  can  remain. 


Solar  Oil 


Solar  oil  Is  an  oily  liquid  with  a  yellow-red  to  brown  color 
(depending  upon  the  degree  of  purification);  it  Is  a  distillate 
of  petroleum  obtained  during  the  distillation  of  petroleum  after 
the  kerosene  fraction.  Its  specific  gravity  Is  0.87-0.88.  Solar 
oil  Is  used  to  combat  the  pre-lmaglnal  stages  of  the  malarial  mosquito 
by  pouring  It  on  reservoirs. 

Solvent  Naptha 

Solvent  naptha  occurs  in  two  forms  —  coal-tap  and  petroleum. 
Coal-tar  solvent  naptha  is  a  product  of  benzene  production;  It 
consists  of  light  oils  obtained  after  the  distillation  of  the 
toluene  fraction.  Solvent  naptha  is  a  colorless  or  yellowish 
liquid,  insoluble  In  water,  and  possessing  an  odor  reminiscent  of 
benzene. 


Two  types  are  distinguished:  solvent  naptha  I:  Its  specific 
gravity  is  0.865  g/cm^  (at  20®);  it  evaporates  at  120-135®.  It 
Is  a  colorless,  transparent  liquid.  Solvent  naptha  II:  Its  specific 
gravity  Is  0.885  g/cm^  (at  20®);  It  evaporates  at  135-180®.  It 
Is  a  colorless,  transparent  liquid;  slightly  yellow  coloring  Is 
allowed.  In  the  composition  of  solvent  I  and  II  there  are  Included 
the  same  hydrocarbons,  only  In  different  proportions.  In  the 
composition  of  the  solvent  there  are  Included  hydrocarbons  of  the 
aromatic  series:  2-5)(  ethylbenzene;  12-25$  mesltylene;  k% 
o*ethyltoluene;  2-5$  p-ethyltoluena;  25-55$  m-hydroxylol;  15$ 
pseudomucol;  15-24$  other  homologue*'.  The  solvent  Is  inflammable 
and  dangerously  explosive.  According  to  the  stipulated  requirements, 
when  It  Is  applied  to  filter  paper  it  should  not  leave  an  oil 
spot. 

The  chief  component  part  of  the  solvent  are  the  Isometric 
xylenes:  62$  In  the  first  type  and  24$  In  the  second;  moreover, 
both  types  contain  toluene.  In  the  second  type  the  amount  of 
coumarone  and  Its  derivatives  Is  considerable,  which  we  sometimes 
specially  extracted  for  the  production  of  the  so-called  coumarone 
resins. 

Solvent  Is  used  in  the  paint  and  varnish  and  rubber  Industries 
as  a  solvent,  and  also  as  an  additive  to  auto  fuel. 

Solvent  possesses  considerable  Insecticidal  properties.  Before 
the  appearance  of  synthetic  Insecticides  (DDT,  hexachlorocyclohezane , 
chlorophos  and  others)  It  was  widely  applied  to  exterminate 
arthropods  -  carriers  of  Infectious  diseases:  lice,  fleas,  ticks, 
mites  and  o*:hers;  cockroaches  are  the  most  resistant  to  solvent. 

Petroleum  solvent  Is  similar  to  coal  tar  solvent;  It  possesses 
an  unpleasant  odor,  It  leaves  stains  and  it  has  weak  Insecticidal 
properties,  and  therefore  In  the  extermination  of  Insects  It  Is 
not  applied.  Solvent  I  Is  used  In  disinfestation. 


The  Insecticide  properties  of  solvent  were  specially  studied 
by  a  commission  In  1916  under  the  leadership  of  Prof.  N.  A.  ^ 

Salel'yev.  The  commission  established  that  the  vapors  of  solvent  ’  ' 

kill  Insects  In  Insignificant  doses  after  9-12  minutes  and  do  not 
have  side  effects  on  man  and  animals.  In  1931  fa.  L.  Okunevskly 
worked  out  the  specifications  and  method  frvr  the  application  of 
solvent.  Its  use  In  combating  bugs  was  limited  by  Its  persistent 
odor. 

The  boiling  p^olnt  of  solvent  used  In  disinfestation  Is  118-120**, 

Its  specific  gravity  Is  0.86-0.87  at  15";  It  Is  a  transparent, 
light-yellow  colored  liquid  with  a  pungent  odor.  Solvent  naptha 
Is  not  only  a  good  solvent  -  It  Is  used  as  a  dlslnfestatlonal  agent 
In  combating  lice  Infestation  In  Its  pure  form  and  In  soap  emulsions 
(N.  A.  Savel'yev). 

Solvent  does  not  damage  articles,  which  after  3-4  hours 
of  airing  are  freed  from  Its  odor.  Solvent  damages  rubber  gaskets, 
and  thus  when  working  with  It,  It  Is  necessary  to  use  hand  sprayers 
with  metallic  valves.  Footwear  Is  also  damaged  by  the  effect  of  [  ^ 

solvent,  therefore  to  protect  shoes,  boots,  etc..  It  Is  necessary 
to  coat  them  with  grease. 

To  exterminate  lice  articles  are  treated  with  solvent  naptha 
from  the  Inside;  they  are  then  i  ipldly  folded  and  stored  In  airtight 
boxes  or  chests  with  a  cover  or  In  rubberized  bags.  The  shielding 
method  Is  also  used  to  treat  articles;  In  such  cases  sheets  of 
paper  s "e  Impregnated  with  the  solvent ;  these  sheets  of  paper  are 
then  laid  layer  by  layer  over  the  articles.  After  that  the  articles 
are  packed  In  boxes  or  rubberized  bags  and  left  for  6-8  hours  In 
a  warm  place.  The  expenditure  of  solvent  Is  estimated  at  30-40  g/kg 
of  articles  or  100-250  g  per  standard  set  of  clothes  (overcoat, 
coat,  trousers). 

When  the  temperatufe  Is  Increased  the  insecticidal  properties 
of  the  solvent  vapors  are  considerably  Increased.  This  gave 
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Ya.  L.  Okunev&kly  the  basis  approximately  40  years  ago  to  propose 
a  special  chamber  for  the  mass  treatment  of  llce-lnfested  articles. 
The  chamber  had  the  form  of  a  small  room  (4-12  m^)  with  Lwo  doors. 
The  chambers  are  heated  by  steam  In  colls  located  on  bottom  and  on 
each  side  of  the  chamber.  The  heating  surface  of  the  colls  Is 
2.4-3  m^.  The  chamber  Is  kept  at  a  temperature  of  60-65®.  The 
solvent  at  a  rate  of  150  mi  per  m^  Is  supplied  by  an  Injector  or 
Is  evaporated  from  a  hot  griddle,  mounted  on  the  colls.  A  hood 
should  be  set  up  under  the  Injector.  For  each  m  of  the  chairt>er 
the  load  of  the  chamber  should  be  In  winter  2.5’-3»  and  In  the  summer 
3-4  sets  of  clothes;  the  whole  process  should  last  70  minutes.  The 
chambers  are  equipped  with  In-out  ventilation  and  have  an  attachment 
for  recirculation  of  the  heated  air  and  solvent  vapors.  At  the 
present  time  such  chambers  are  not  In  use. 

Prom  the  solvent  pastes,  emulsions  and  mixtures  with  other 
preparations  are  prepared. 

Solvent  naptha  possesses  a  certain  toxicity  to  animals.  In 
rabbits  54  mg/i  of  solvent  napttoa  I  causes  within  50  minutes 
gradual  narcosis;  50  mg/i  of  solvent  naptha  II  does  not  have  a 
noticeable  effect.  In  man  solvent  naptha  poisoning  Is  expressed 
by  Intoxication  and  spasms. 

Soap-Solvent  Emulsion 

In  preparing  an  emulsion  to  35  parts  of  green  soap  there  are 
gradually  added  56  parts  of  solvent.  As  a  result  there  Is  obtained 
a  yellowish  mass  with  the  consistency  of  vaseline  (upon  mixing 
with  water  It  gives  a  stable  emulsion),  from  this  mixture  workers 
prepare  15-201  solutlo..5  with  hot  water.  At  room  temperature  when 
linen  Is  wet  with  the  preparation  lies  die  due  to  the  effect  of  the 
solvent  within  50  seconds,  and  nits  after  20  minutes. 


A  hot  15%  soap-solvent  emulsion  (1.5  kg  of  concentrate  per 
bucket  of  water)  is  used  to  wet  the  linen  (20-30  minutes) »  20% 
for  disinfestation  of  swellings  and  furniture  by  moistening  them  with 
any  of  the  types  of  sprayers:  atomizer,  hand  sprayer  and  others, 
at  a  rate  of  50-60  mt/m  ;  a  20}  soap-solvent  mix  Is  used  to  treat 
the  hairy  parts  of  the  body.  To  exterminate  head  lice  human  hair 
Is  wet  with  30-33  mi  of  a  20%  aqueous  emulsion  (one  should  take 
care  not  to  allow  It  to  get  Into  the  eyes)  and  tied  with  a  bandana 
for  30  minutes,  after  which  the  hair  Is  washed  and  combed. 

The  value  of  the  solvent  consists  mainly  In  Its  ability  to  act 
In  the  vaporous  state;  lice  die  In  the  solvent  vapors  within 
2-2^  hours;  somewhat  more  time  Is  required  for  the  nits  to  die  In 
the  solvent  vapors;  articles  abundantly  sprayed  with  the  solvent 
(at  a  rate  of  5%  solvent  per  weight  of  the  disinfested  material), 
are  placed  In  relatively  hermetic  receptacles  -  boxes,  vats,  canvas 
bags  for  6-8  hours. 

According  to  Z.  A.  Llganova,  with  the  application  of  10]( 
aqueous ' emulsions  of  soap-solvent  paste  Rickettsiae  prowazekil 
die  within  the  articles  after  4  hours  Rickettsiae  located  outside 
the  organism  of  the  lice  perish  within  10  minutes  after  treatment 
with  a  10](  emulsion.  The  addition  of  0.03!(  hexylresorcln  reduces 
the  time  of  the  extermination  of  Rickettsiae  to  5  minutes. 

The  preparation  Is  used  to  exterminate  Insects  In  the  absence 
of  other  possibilities. 


Tedlon 


Tedlon  -  2,4,4,5-tet'"achlorodlphenyl8ulfone-CljCgH2-S02-CgHjjCl. 

Its  melting  point  Is  145.5-145.8**.  It  Is  slightly  volatile.  It 
Is  practically  Insoluble  in  water.  It  Is  soluble  In  alcohol, 
acetone,  chloroform  and  the  aromatic  hydrocarbons. 
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The  preparation  Is  highly  toxic  to  eggs  and  all  the  stages 
of  development  of  vegetable  mites;  It  possesses  ovlcldal  and 
larvlcldal  action.  It  Is  slightly  toxic  to  warm-blooded  animals; 
mice  withstand  a  dose  of  5  gAg  for  10  days  or  500  mgAg  Intraperl- 
toneally  administered;  rats  -  2  gAg  Intraperltoneally  administered; 
dogs  -  1-2  g/kg  In  their  food;  moreover,  no  variations  of  any  kind 
are  noted.  In  chronic  experiments  with  rats  and  mice  oyer  a  period 
of  3  months  with  the  administration  of  feed  containing  1000  and 
500  mg/kg  visible  changes  were  not  noted;  another  group  of  mice 
were  given  from  500  to  4000  parts  per  million  over  a  period  of 
6  months.  Only  from  the  higher  dose  were  retardations  In  the 
addition  of  weight  observed;  with  microscopic  examinations  no 
essential  pathological  changes  were  detected;  nonspecific  Inflammation 
of  the  spleen,  liver  and  kidneys  was  noted. 

Chloromethyl-P-Chlorophenylsulfone 
Its  chemical  formula  Is  CgH^Cl2S02. 
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Synonyms:  "New  lauzeto""  chloromethyl-4-chlorophenyl8ulfone. 

It  consists  of  crystals;  Its  melting  point  Is  122°;  It  Is 
soluble  In  kerosene  and  various  organic  solvents.  It  possesses 
considerable  Insecticidal  properties;  It  acts  on  lice  eggs.  It 
Is  very  effective  with  respect  to  adult  lice  and  bugs. 

The  preparation  Is  Ineffective  with  respect  to  files  and 
aphldae.  New  lauseto  -  an  outstanding  ovicide;  It  occupies  first 
place  among  the  other  ovicides:  new  lauseto  chloromethyl-(l4- 
chlorophenyD-sulfone,  3-4  dlohlcrobenzyleyanlde,  alallyl  adipate, 
dlallyl  succinate,  dlazoamlnobensime. 


CHAPTER  IX 


PREPARATIONS  OP  INTESTINAL  ACTION 

Dlslnfestational  agents  of  intestinal  action  are  preparations, 
which  do  not  possess  contact  action  and  poison  insects  only  upon 
getting  into  their  intestines.  Such  preparations  get  into  the  insect 
organism  mos^  frequently  with  food. 

Having  gotten  into  the  mldgut  (a  strictly  digestive  segment), 
the  insecticide  being  subjected  to  the  action  of  the  secretions 
discharged  by  the  cells  of  Intestinal  epithelium  passes  Into  the 
dissolved  state.  Under  the  Influence  of  the  preparation  changes 
occur  for  the  most  part  in  the  cells  of  the  mldgut.  These  preparations 
acting  on  the  intestinal  tissue  cause  Inflammation,  leading  to 
exfoliation  and  complete  or  partial  necrosis  of  the  epithelium. 

The.  most  profound  hystologlcal  changes  are  usually  observed  in  the 
epithelial  tissue.  The  changes  observed  in  the  midgut  of  Insects 
vary  depending  on  the  poison  used  and  the  species  of  Insect.  The 
degree  of  lesion  fluctuates  from  complete  destruction  of  the  epithelium 
to  barely  noticeable  changes.  In  the  digestive  tract  of  poisoned 
Insects  a  number  of  other  histological  changes  can  be  observed. 

After  the  poison  penetrates  through  the  Intestlonal  walls  it  gets 
into  the  hemolymph  and  along  with  it  into  other  parts  of  the  Insect 
organism;  as  a  result  of  the  action  of  the  poison  disintegration 
and  destruction  of  blood  cells  occur.  According  to  Ye.  A.  Baburina, 
in  poisoning  with  sodium  fluoride  through  the  digestive  tract  of 
the  common  cockroach  considerable  structural  changes  are  detected 
in  the  epithelium  of  the  mid  and  anterior  section  of  the  intestines 
and  in  the  formed  elements  of  the  blood.  In  the  anterior  chltlnous 


320 


section  of  the  intestines  under  the  Influence  of  sodium  fluoride 
there  is  observed  severe  vacuolization,  breakdown  of  the  protoplasm 
and  disruption  of  the  nuclei  due  to  the  dissolution  of  the  nuclear 
membrane . 

Irritation  of  the  intestines  in  a  number  of  cases  causes  in 
insects  diarrhea  or  vomiting  (regurgitation),  in  consequence  of 
which  a  considerable  amount  of  the  poison  within  a  brief  interval 
of  time  is  ejected  outside  the  body,  not  having  the  effect  peculiar 
to  arsenic  poisons.  For  fluorine  preparations,  on  the  other  hand, 
spasms  of  the  digestive  tract  are  more  characteristic  symptoms,  and 
the  progress  of  the  food  in  the  Intestines  is  noticeably  inhibited. 
Intestinal  action  preparations  are  designated  basically  for  insects 
(cockroaches,  flies),  which  mainly  eat  food  products  (bread,  sugar 
and  others).  Furthermore,  these  same  agents  are  used  to  exterminate 
mosquito  larvae.  They  are  used  in  dusting,  spraying,  and  also 
in  baits.  Almost  all  contact  Insecticides  possess  intestinal  action; 
especially  clearly  expressed  is  the  intestinal  action  of  the  organo- 
phosphorus  compounds. 

Arsmal* 

Arsmal '  (copper  arsenlte).  This  is  a  compound  of  copper  and 
arsenic.  This  preparation  containing  in-lljf  arsenous  anhydride 
(AS20^)  and  7-10)C  cupric  oxide  CuO,  possesses  high  toxicity  to 
malarial  mosquito  larvae.  The  fineness  of  the  grind  should  leave 
a  residuum  of  not  more  than  on  a  screen  with  175  mesh.  To 
Improve  the  navigational  properties  of  the  preparation  3%  acldol 
or  neutral  creosote  oil  are  introduced.  It  is  used  in  a  mixture  with 
dust,  trlpoll  and  other  ingredients  (compilers)  for  dusting  reservoirs 
populated  with  larvae  of  malarial  mosquitoes  in  quantities  of 
1.5  kg/ha  (overgrown  and  not  overgrown)  at  a  rate  of  one  part  of 
the  preparation  per  13  parts  diluent. 
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Boric  Acid 


Boric  acid  -  H^BO^.  This  Is  a  fine,  crystalline  powder  with  a 
white  color.  Its  molecular  w^^lght  Is  61,84;  in  100  parts  of  water 
at  19°  4  parts  dissolved,  and  at  100®  —  34  parts.  Boric  acid  Is  used 
as  an  agent  to  exterminate  cockroaches.  To  prepare  poisoned  baits 
In  a  solution  of  boric  acid  (2  teaspoons  per  glass  of  water) 
pieces  of  black  bread  are  soaked  and  they  are  scattered  In  places, 
where  cockroaches  are  breeding.  To  combat  ants  boric  acid  Is  added 
to  sausage. 

Boric  acid  Is  a  very  weak  bactericide.  A  saturated  l-l8j5 
aqueous  solution  even  with  prolonged  exposure  does  not  cause  the 
death  of  Staphylococcus  aureus.  It  possesses  certain  bacterlo-statlc 
properties . 


Borax 


Borax  (Na2B^0y •IOH2O).  It  consists  of  colorless  crystal  with 
a  molecular  weight  of  3fil»43;  It  readily  dissolves  In  hot  water 
(1:0.5),  but  with  difficulty  —  In  cold  water  (1:26).  It  Is  Insoluble 
In  alcohol.  For  disinfestation  calcined  (dehydrated)  borax  Is  used, 
It  Is  prepared  from  an  ordinary  lump  by  calcinating  on  a  heated  grill 
or  on  an  Iron  sheet  (until  the  complete  cessation  of  the  elimination 
of  water  vapors).  Furthermore,  borax  swells  up  and  Is  converted  Into 
a  fire  dry,  white-colored,  odorless  powder.  Borax  Is  added  to  bait 
to  extermln>:.te  cockroaches.  The  heated  borax  Is  dissolved  and  mixed 
with  flour  or  sugar  powder;  the  mixture  Is  used  to  dust  plots 
where  cockroaches  are  teeming.  Borax  Is  also  used  In  bait  to  destroy 
ants:  to  1  f  of  water  there  are  added  30  g  of  borax,  400  g  of  sugar, 
100  g  of  bee  honey,  1  ml  of  vanJlla  essence,  1.5  ml  of  pear  essence. 
All  of  this  Is  boiled  and  poured  In  3-4  ml  amounts  Into  test  tubes, 
which  are  then  spread  In  places  frequented  by  ants. 

The  poisoned  baits  with  the  calcined  borax  are  almost  harmless 
to  man  and  domestic  animals  and  can  be  freely  applied  In  kitchens 
and  food  product  storehouses.  Complete  extermination  of  cockroaches 
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Is  attained  after  they  have  consumed  12-16  mg/g  of  the  preparation 
(with  the  bait).  To  the  larvae  of  files  borax  Is  also  toxic; 

[LD^q]  (JIJIgQ)  Is  attained  when  they  are  submerged  In  a  solution 
containing  2000  mg/A  (0.22^?).  With  oral  administration  the 
for  higher  animals  Is  within  the  limits  of  1000-51^0  mg/kg  depending 
upon  the  species  of  animals.  Borax  possesses  weak  bactericidal 
properties . 


Butadlon 


Butadlon  - 
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Synonyms:  Outalidln,  phenylbutazonum,  butalldon,  4-n-butyl-l ,2- 
dlphenyl-3,5-pyrazolldlndione.  Its  molecular  weight  Is  308,77.  In 
chemical  structure  and  pharmacological  properties  It  Is  similar  to 
pyramldon.  It  Is  a  white  powder  with  a  slightly  yellowish  hue;  ’.ts 
melting  point  is  104-106°;  it  Is  very  slightly  soluble  In  water;  it 
dissolves  with  difficulty  in  alcohol;  It  dissolves  in  alkalis.  Its 
sodium  salt  dissolves  well  in  water.  When  orally  Introduced  Into 
the  organism  of  warm-blooded  animals  or  Intramuscularly  the  preparation 
l3  decomposed  Into  2  metabolites,  one  of  which  (1-phenyl,  2-p-hydi'oxy- 
phenyl  and  4-p-butyl-3,5-pyrazolidlndlone )  Is  slowly  excreted  from 
the  organism,  having  a  half-life  of  2  days;  the  half-life  of  the 
second  metabolite  (1, 2-dlphenyl-4,3-nydroxy-p-buty l-3»5-pyra2olldlndlone) 
occurs  considerably  faster.  In  the  course  of  10  hours;  the  first 
metabolite,  probably.  Is  the  active  principle.  The  mechanism  of  the 
action  of  this  preparation  on  lice  has  not  been  studied.  It  Is 
known  that  in  the  case  of  the  use  by  man  of  butadlona  the  blood  of 
the  host  (the  sole  food  of  the  parasite)  becomes  toxic,  and  lice 
feeding  on  this  blood  die.  Head  lice  are  more  sensitive  to  the  toxic 
action  than  body  lice. 


32.3 


On  bug§,  flea?,  mosquitoes,  piibic  lice  pyrazolldlne  preparations 
do  not  have  £.n  effect. 

The  Insecticidal  effect  Is  attained  by  the  Intake  of  the 
preparation  in  doses  of  20-30  times  less  than  for  a  course  of  treatment 
In  therapeutic  practice.  For  the  elimination  pediculosis  a  single 
dose  of  0.2-0. 4  g  of  ''utadlon  is  effective  for  children  of  preschool 
age;  0.5-0. 7  g  for  school  children  and  1  g  for  adults.  For 
Insecticidal  purposes  the  preparation  Is  used  orally  according  to 
the  following  arrangements: 

a)  with  fractional  application  (the  arrangement  of  the  Institute 
of  Epidemiology  and  Microbiology  im.  N.  F.  Gamaley  of  the  Academy  of 
Medical  Sciences  of  the  USSR)  0.3  g  2  times  each  day  -  0.6  g  per  day, 
a  total  of  5  times  (2.5  days)-  the  course  of  treatment  for  adults  is 
1.5  g. 

b)  according  to  V.  V.  Kurganov  (the  arrangement  of  L'vov  Institute 
of  Epidemiology,  Microbiology  and  Hygiene),  the  insecticidal  effect 

is  attained  by  a  single  Intake  of  the  following  dose  of  butacilon: 
adults  1  g  per  Intake  and  repeatedly  at  the  same  dosage  for  10  days; 
children  of  senior  school  age  (13-15  years)  0.6  g;  children  of  Junior 
school  age  (7-12  years)  0.5  g;  for  children  older  than  preschool  age 
(5-6  years)  and  younger  than  preschool  age  (2-4  years)  it  is  not 
applied. 

The  indicated  doses  of  butadion  ensure  the  extermination  of 
lice  for  6  days  after  taking  the  preparation. 

The  administration  of  the  preparation  to  children  younger  than 
1  year  was  not  studied. 

With  the  use  of  fractional  dosage  there  was  observed  complete 
effect  and  the  duration  of  the  action  was  15  days.  With  a  single 
dosage  the  effect  was  observed  to  be  83-84jt  effective  and  the  action 
continues  for  7-10  days,  after  which  the  Intake  of  the  preparation 
should  be  repeated  at  that  same  dosage. 


Repeated  Intake  of  butadion  for  10-14  days  Is  necessary  to 
exterminate  hatching  larvae. 

According  to  the  observations  of  L.  A.  Pavorova,  A.  I.  Chubkova, 
A.  I.  Papovyan,  A.  P.  Kazaryan,  Q.  Kh.  Stepanyan,  V.  S.  Avyakan,  the 
greatest  effectiveness  and  duration  of  action  Is  attained  by  taking 
the  preparation  according  to  the  arrangement:  0.3  g  2  times  per 
day  for  50  hours  (1.5  g  during  the  course  of  the  treatment).  The 
duration  of  the  Insecticidal  effect  was  equal  to  15  days,  which 
provided  complete  extermination  of  the  adult  lice  and  the  hatching 
larvae.  The  mass  extermination  of  the  adult  Individuals  starts 
toward  the  end  of  the  second  day  after  taking  the  preparation; 
extermination  of  the  larvae  occurs  in  proportion  to  their  hatching 
for  a  period  of  8-10  days.  For  treatment  purpose  the  preparation  Is 
used  against  Inflammation  for  the  purpose  of  anesthetizing^  for 
lowering  fever  and  others;  it  Is  prescribed  for  internal  use  after 
eating.  A  single  dose  of  0.1-0.15  g  Is  used.  In  the  course  of  a 
day  butadion  Is  taken  4-6  times,  but  not  more  than  0.6  g  in  a  day. 

Butadion  can  be  used  to  combat  lousiness  only  in  exceptional 
cases,  l.e.,  when  there  is  no  possibility  of  using  other  methods 
and  agents.  The  application  of  the  preparation  is  contraindicated 
In  the  case  of  disease  of  the  hemopoietic  organs  with  a  tendency 
towards  leucopenia  and  anemia;  with  disease  of  the  liver  and  kldnejs 
and  with  disturbance  of  their  function;  with  ulcers  of  the  stomach  and 
luodenum;  with  decompensation  of  cardiac  activity. 

During  treatment  with  butadion  In  individual  cases  (approximately 
1-2%  of  those  treated)  there  can  be  observed  complications  in  the 
form  of  nausea,  vomiting,  short-term  pain  in  the  gastric  region, 
skin  rash,  leucopenia,  dizziness.  The  side  effects  are  short-term 
and  pass  rapidly  after  the  cesratlon  of  the  Intake  of  the  preparation. 
With  poor  tolerance  the  Intake  of  the  preparation  should  be  ceased. 
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Sodium  Pluosiilcate 


Sodium  fluoslllcate  (Na2SlPg)  Is  a  white  crystalline  powder, 
slightly  soluble  in  water.  In  view  of  Its  considerable  toxicity  to 
man  and  the  danger  of  poisoning  connected  with  this  preparation  Is 
almost  never  used  In  the  practice  of  medical  disinfestation. 

Solutions  of  sodium  fluoslllcate  and  sodium  fluoride  In  various 
proportions  are  used  to  manufacture  poisonous  paper  used  to  combat 
flies.  Sodium  fluoslllcate  finds  application  in  agriculture.  It 
Is  used  in  the  aerial-chemical,  control  of  rodents  and  Insects,  mainly 
of  the  sugar  beet  weevil  and  In  individual  cases  of  forest  pests. 

This  preparation  within  the  limits  of  the  applied  dosages  does  not 
burn  ■,he  leaves  of  plants  and  Is  less  poisonous  to  animals  than  sodium 
fluoride.  Por  aerial  dusting  vfrom  8  to  15  kg/ha)  the  first  type 
of  preparation  Is  useful;  the  remaining  types  are  not  useful 
because  they  have  a  coarse  grind.  The  prvjparation  is  also  used 
with  baits  at  a  rate  of  from  400  to  800  g  per  10  kg  of  dry  bait 
substance.  Its  deficiencies  are  that  It  Is  hygroscopic  and  It 
deteriorates  when  stored. 


Paris  Green 


Paris  green  -  Cu(CH2C00)2*3Cu(As02)2;  its  molecular  weight  is 
1013*7;  It  Is  an  emerald-colored  powder,  which  Is  almost  Insoluble  In 
water;  it  Is  a  double  salt  of  copper  acetate  and  copper  meta-arsenlde . 
The  ratio  betwefn  these  two  compounds  is  usually  close  to  1:3.  At 
present  time  there  exists  about  50  names  for  this  compound  (chrome, 
emerald  green,  chrome  green,  Schweinfurth  green,  etc.);  Paris  screen 
was  first  made  In  I8l4  In  Schweinfurth. 

Pactcry  Paris  green  contains  51.5-55*  28-30*  CuO  and 

7  -  8.5*  (CH2C0)2.  The  preparation  should  not  contain  more  than  1* 
moisture  and  more  than  3-5*  water-soluble  ks^O^.  The  fineness  of 
the  grind  should  correspond  to  a  residuum  of  not  more  than  4-5*  on 
a  screen  of  200  mesh. 

In  the  presence  of  water  Paris  green  hydrolyzes,  liberating 
arsenous  acid  which  Is  soluble  In  water.  Thus,  after  standing  for 


ore  day  a  mixture  of  0.2^  g  of  Paris  green  and  100  mi  of  water 
(  I  approximately  0.005  g  of  the  ASgO^  passes  Into  solution  which  Is 
about  of  the  total  content  of  the  given  arsenic. 

The  preparation  la  effective  with  respect  to  the  larvae  of 
the  malarial  mosquito  and  garden  pests;  for  the  other  stages  cf 
mosquito  development  it  has  almost  no  effect.  The  preparation  used 
In  a  mixture  with  the  fillers  (road  dust,  tripoll,  talc,  slaked 
lime,  and  others)  Is  Intended  for  the  extermination  of  malarial 
mosquito  larvae  In  various  open  reservoirs  by:  a)  ground  dusting; 
for  this  Paris  green  Is  first  mixed  with  flpe,  road  dust  or  other 
fillers.  The  reservoirs  are  dusted  at  a  rate  of  0.8  kg  per  hectare 
of  open  reservoir;  12  kg  of  the  reservoirs  are  overgrown  with  grass. 
In  the  first  case  the  preparation  Is  diluted  25  times,  and  in  bccond 
16  times.  In  ground  dusting  the  preparation  Is  used  at  a  concen¬ 

tration;  b)  In  aerial  dusting  at  a  25-50%  concentration. 


In  Russia  Paris  green  was  first  applied  In  1910.  The  applica¬ 
tion  of  this  preparation  was  many  times  cheaper  than  the  application 
of  kerosene  and  oil.  0.  D.  Tishchenko  (1927)  proved  the  harmlessness 
of  Paris  green  for  various  breeds  of  fish  (crucian  carps,  bltterllngs, 
tenches,  roaches,  pikes,  gold  fish)  and  for  plankton  In  the  doses 
applied  in  practice.  These  data  were  confirmed  by  a  number  of  other 
authors.  The  preparation  Is  extremely  toxic  to  bees:  0.4-1, 5  ug 
is  sufficient  to  kill  bees.  The  best  way  to  protect  bees  from 
extermination  -  export  them  to  a  distance  of  not  less  than  7-10  km 
from  the  zone  of  aerial  dusting  for  the  whole  period  of  the  treatment 
of  the  reservoirs. 


D.  I.  Blagoveshchenskly  ascertained  the  dependence  of  the  toxicity 
of  Paris  green  on  water  temperature.  The  higher  the  temperature, 
the  greater  is  the  Intensity  with  which  the  larvae  fllcer  and  ingest 
the  particles  of  poison  and  the  faster  they  die.  The  author  studied 
the  distribution  of  Paris  green  in  the  organism  of  larvae  and  estab¬ 
lished  that  the  basic  mass  of  poison  concentrates  In  the  mldgut,  whence 
In  Its  dissolved  state  it  passes  through  the  walls  of  the  Intestines 
(  ^  and  penetrates  Into  the  hemolymph. 
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Within  .l.ii!-24  hours  after  the  dusting  of  a  water  surface  the 
gi’eater  part  of  the  poison  has  sunk.  The  correct  dusting  of  rice 
fields  with  a  mixture  of  Paris  green  and  a  diluent  does  not  present 
a  danger  to  the  rice.  The  cases  described  in  literature  of  the 
burning  of  rice  appeared  in  connection  with  dusting  at  the  time  of 
its  blossoming,  with  the  disturbance  of  the  elementary  conditions  of 
the  dusting  process:  increased  dosage,  dusting  without  dilution, 
the  use  of  a  preparation  which  had  lost  its  dust-like  properties  due 
to  improper  storage,  etc. 

A  number  of  authors  (P.  P.  Yarchak  and  V.  P.  Vozhenko,  L.  I. 
Keyrls  and  N.  A.  Kldkov,  M.  A.  Laryukhin)  ascertained  that  Paris 
green  treated  with  oil  or  kerosene  has  considerable  advantages. 

An  oil  suspension  of  Paris  green  nas  the  following  composition: 
Paris  green  0.8-1  kg,  kerosene  2-2. 5>  £,  water  200  £. 

In  preparing  a  suspension  it  is  possible  to  use  oil  (2-3  per 
ha)  instead  of  kerosene.  Suspensions  can  be  prepared  in  the  form 
of  concentrates;  for  this  purpose  to  0.8-1  kg  of  Paris  green  there 
are  gradually  (by  1/3)  added  with  mixing  2-2.5  l  of  kerosene  and 
1.5-2  l  of  water;  if  the  suspension  is  prepared  with  soap,  it  is 
necessary  to  stir  until  a  thick  uniform  mass  has  been  obtained.  At 
the  work  site  the  concentrate  is  diluted  with  water  and  thoroughly 
mixed.  In  dusting  marshy  places  Paris  green  can  be  used  in  the  form 
of  granules  containing  5iJ  preparation  at  a  rate  of  6.5-7  kg/ha. 

Paris  green,  like  any  arsenic  compound,  is  poisonous,  therefore, 
when  it  is  used,  it  is  necessary  to  observe  caution,  in  order  to 
eliminate  the  possibility  of  the  poisoning  the  working  personnel, 
as  well  as  animals,  birds,  and  bees.  When  dusting  this  preparation 
can  come  in  contact  with  the  mucous  membranes  of  man  and  cause 
inflanraatory  symptoms.  A  dangerous  dose  for  man  is  0.01  g/kg  and 
a  fatal  dose  is  0.06  g/kg. 

The  use  of  Paris  green  from  aircraft  in  its  dry  form  is 
unsuitable,  if  the  size  of  its  particles  on  the  average  equal  to 
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10  y.  Due  to  the  high  degree  of  dispersion,  during  dusting  the 
preparation  is  carried  by  the  wind  and  the  losses  attain  77-93J5 
(B.  I.  Hukavlshnlkov) .  Therefore,  Paris  green  is  applied  most 
efficiently  in  the  form  of  a  suspension  with  the  diameter  of 
particles  20-25  v  for  aerial  treating  of  reservoirs  against  malarial 
mosquito  larvae.  Inasmuch  as  in  suspensions  the  preparation  settles 
rapidly,  then  in  spraying  it  Is  necessary  to  mix  the  suspension;  for 
this  In  the  aircraft  there  is  a  special  attachment  (a  wind  motor). 

Paris  green  in  a  mixture  with  Bordeaux  liquid  is  used  to  lombat 
pests  and  diseases  in  gardens  and  vineyards.  The  preparation  is 
poisonous  to  man,  a  fatal  dose  of  it  is  180-200  mg/kg.  When 
orally  administered  to  rabbits  the  smallest  lethal  dose  is  25  mg/kg 

Thiodlphenylamlne 

Thlodiphenylamlne  —  (CgH^)2NHS.  It  is  a  crystalline  substance 
with  a  light-yellow  color,  insoluble  in  chloroform  and  slightly 
soluble  in  water.  In  air  it  slowly  oxidizes  and  takes  on  a  light- 
yellowish  color.  Further  oxidation  leads  to  the  formation  of  a 
red-colored  compound  possessing  a  mild,  characteristic  odor  and  a 
melting  point  of  160°.  The  moisture  content  in  the  preparation 
should  not  exceed  2%^  the  residue  on  a  screen  with  a  175  mesh 
should  not  be  moi-e  than 

At  the  present  time  thiodlphenylcmine  is  used  to  combat  the 
larvae  of  the  malarial  mosquito.  The  preparation  is  not  wet  by 
water  and  therefore  it  is  retained  for  a  long  time  on  reservoir 
surfaces.  The  preparation  is  used  to  dust  reservoir  surfaces 
infested  with  malarial  mosquito  larvae  at  a  dosage  of:  reservoirs 
not  overgrown  -  0.8  kg^ha,  overgrown  reservoirs  -  1  kg/ha  in  a 
mixture  with  a  diluent  in  ?.  proportion  1:16  or  1:20  (road  dust, 
peat  dust,  trlpoll). 

In  hand  treating  reservoir  by  the  simplest  methods  (scattering 
the  poisonous  mixture  in  the  wind  with  shovels,  by  hand  and  so  forth) 

1  kg  of  poison  is  taken  per  40-50  kg  of  dllue.it.  In  ground  operations 
using  a  hand  duster  there  is  taken  per  hectare  20  kg  of  the  poisonous 
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mixture,  In  which  there  Is  contained  1  kg  of  poison  and  19  kg  of 
diluent.  In  aerial  dusting  the  expenditure  of  preparation  on  open 
reservoirs  is  750  g  of  poison  and  250  g  of  diluent  per  hectare, 
and  on  reservoirs  severly  overgrown  with  vegetation  It  Is  1  kg  of 
poison  per  hectare  (without  the  diluent);  It  Is  dangerous  for  bees 
as  a  contact  poison.  The  preparation  Is  toxic  to  bees  at  an 
expenditure  of  0.5  kg/ha. 

Thiodiphenylamlne  Is  used  In  the  forr,  of  a  water-soap  and  water 
suspension;  In  the  composition  of  the  water-soap  suspension  there 
Is  Included  1.5  kg  of  thiodiphenylamlne,  0.2-0. 3  kg  of  liquid  or 
domestic  soap  and  250  t  of  water  per  ha. 

Thiodiphenylamlne,  possessing  great  larvlcldal  activity,  at 
the  same  time  Is  harmless  to  warm-blooded  animals  even  when  used 
internally  in  quantities  exceeding  by  many  times  the  lethal  doses 
for  mosquito  larvae.  But  during  prolonged  work  with  it  thiodiphenyl¬ 
amlne  causes  skin  Irritation. 


According  to  D.  I.  Dobrosmyslov,  thiodiphenylamlne  in  the  doses 
used  by  antlmalarla  stations  Is  harmless  for  fish,  but  Its  navigational 
abilities  are  greater  than  those  of  Paris  green.  The  investigations 
of  I.  K.  Ivanov  showed,  that  at  an  expenditure  of  1  kg/ha  of 
undiluted  thiodiphenylamlne  plants  are  not  damaged  even  when  they 
are  used  for  dusting  In  the  period  of  flowering  (l.e.,  when  the 
rice  Is  most  sensitive  to  burning)  in  the  early  morning  hours 
(4-7  o'clock),  although  the  author  notes  that  a  reduction  in  the 
rice  harvest  was  noted. 


G.  Z.  Khandanyan  points  out  the  complete  harmlessness  of  thlo- 
dlphenylaralne  both  for  rice  cultures  (at  an  expenditure  of  0.75-2 
kg/ha),  so  also  for  Gambusla  (at  an  expenditure  of  1.25-2  kg/ha). 


PoiTnalin 


Formalin  Is  an  aqueous  40X  solution  of  formaldehyde  CH2O; 

It  Is  used  in  combating  flies.  Into  a  glass  of  water  2  teaspoons  of 


(  ) 


530 


formalin  i^%  formalin)  are,  poured;  they  are  mixed  and  poured  on 
plates  In  the  middle  of  each  of  which  a  piece  of  bread  (zwieback)  is 
placed;  formalin  possesses  considerable  bactericidal  properties 
and  Is  mainly  used  for  disinfecting. 

Sodium  Fluoride 

Sodium  fluoride  (NaP)  Is  a  crystalline  powder;  the  technical 
preparation  shou’’ :  contain  80-89)*  pure  sodium  fluoride.  The 
solubility  of  sodium  fluoride  in  water  at  a  temperature  of  15®  is 
equal  to  4.78)t  at  l8®  -  ^1.3)*  and  at  25®  -  ^.05!*.  The  reduction  In 
solubility  at  a  temperature  of  25®  Is  explained  by  formation  of  sodium 
fluoride  acid  (NaHP2),  posser.slng  extremely  Insignificant  solubility 
in  water.  The  specific  gravity  of  sodium  fluoride  at  a  temperature 
of  18®  -  2.7. 

In  order  to  Increase  the  adherence  of  the  preparation  potato 
flour  or  t?.lc  are  added  to  It.  A  preparation  with  50X  sodium 
fluoride  Is  sold  under  the  name  tal'fton.  The  preparations  are 
usually  compounded  In  such  a  manner,  that  they  contain  50-80)J 
sodium  fliorlde.  Thus,  for  example:  1)  50%  sodium  fluoride,  50J* 
talc  or  potato  flour;  2)  80)t  sodium  fluoride,  20%  talc  or  potato 
flour. 

The  preparation  was  proposed  In  1911  as  a  control  for  Insects. 

The  caustic  property  of  sodium  fluoride  Is  the  basis  of  Its 
effect  on  cockroaches;  the  poison  adheres  to  the  legs  and  the  body  of 
Insects;  cockroaches  lick  and  swallow  it;  as  a  result  the  sodium 
fluoride  gets  into  the  Intestines  and  poisons  the  Insect.  The 
action  of  the  fluorine  preparations  Is  expressed  on  insects  in  the 
form  of  disturbances  of  the  function  of  Individual  organs,  the 
breakdown  of  their  coordination,  partial  paralysis;  then  death 
ensues.  The  poisoning  process  takes  place  slowly  and  the  Insects 
sometimes  die  on  the  5-6th  day. 

It  Is  used  against  cockroaches  In  the  form  of  powders  mixed 
with  talc  and  starch.  The  mixture  Is  dusted  In  placer  of  cockroach 
habitation  and  traffic.  Sodium  fluoride  Is  used  to  combat  pharaoh's 
ants;  per  i  of  water  there  are  taken  5  g  of  sodium  fluoride,  400  g  of 


sugar,  100  g  bee  honey,  1.5  ni£  of  pear  essence,  1  mi  of  vanilla 
essence;  all  jf  this  Is  boiled,  and  then  3-^  mil  are  poured  In  each 
of  several  test  tubes  which  are  then  distributed  In  places,  frequented 
by  the  ants.  A  toxic  d  je  approaching  a  fatal  doso  when  introduced 
into  the  stomach  of  an  animal  Is  0.25-0.3  g  of  sodium  fluoride  per 
1  kg  of  weight  of  the  animal.  The  median  lethal  dose  for  man  in 

16-18  g. 

Caustic  Green 


Caustic  green  [Translator's  Note:  Soviet  variant  of  Paris 
green  (Insecticide)  containing  calcium  sulfate]  is  a  powdery  prepara¬ 
tion  with  a  green  color,  which  Is  soluble  in  water;  according  to 
technical  specifications  It  must  contain  not  less  than  32%  ^^^2^3* 
17*51  CuO,  5JK(CH2C0)2,  3*5$  water-insoluble  As207»  not  more  than  2% 
moisture.  The  fineness  of  the  grind  shou  d  nat  leave  a  residuum  of 
more  than  ^%  on  a  screen  with  400  holes  per  cm  .  It  Is  used 
against  Anopheles  mosquito  larvae. 

It  contains  chiefly  Cu(CH2COO)2* 3Cu(As02)2  with  an  admixture 
of  calcium  sulfate  2CaS0*3H20. 
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CHAPTER  X 

GASEOUS  AND  VAPOROUS  AGENTS  (PUMI0A:»TS)  USED 
FOR  DISINFESTATION 


One  of  the  methods  of  combating  Insects  Is  poisoning  them  through 
their  respiratory  system.  In  these  cases  the  Insects  are  deprived 
of  oxygen  or  insecticides  in  the  gaseous  state  are  Introduced  with 
the  air.  It  is  more  difficult  to  deprive  Insects  of  oxygen  than 
to  introduce  an  insecticide  into  the  air  of  an  environment  where 
insects  are  situated.  A  method  proposed  in  England  for  storing 
food  products,  reducing  the  expenditures  for  the  extermination  of 
insect  —  pests,  which  with  the  present  methods  of  storage  is  frequently 
^■5-70%  of  the  total  expenditures  for  storage,  is  deserving  of  consid¬ 
eration.  The  grain  is  stored  in  a  storehouse  with  a  diameter  of  20  m 
and  a  height  of  6.7  m,  made  from  nylon  covered  with  plastic;  this 
material  is  sufficiently  hermetic  and  almost  does  not  allow  the 
penetration  of  oxygen.  The  grain  is  poured  in  from  above,  almost 
completely  filling  the  storehouse,  which  after  this  Is  hermetically 
sealed.  The  Insects  situated  inside  such  a  storehouse  exhaust  the 
oxygen  available  In  It,  and  then  gradually  die  from  the  lack  of 
oxygen.  It  has  been  confirmed  that  grain  can  be  stored  in  this 
manner  for  a  long  period  of  tl.ne,  without  the  application  chemicals 
and  without  expending  money  to  combat  Insects. 


The  grain  should  have  less  moisture  content  than  that,  which 
is  usually  considered  safe  for  storage;  otherwise  fermentation  ceu 
start.  The  cost  of  storing  grain  in  storehouses  of  this  type  Is 
1.8  times  cheaper  In  comparison  to  storage  In  the  usual  type  of 
storehouses. 
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In  combating  Insects  it  is  possible  to  use  prepai^ations  in  the 
gaseous  state  —  fumigants.  Oases  are  matter  located  in  such  a 
physical  state,  that  the  forces  acting  between  the  great  majority 
of  particles  are  very  small;  due  to  this  absence  of  significant 
external  forces  the  gases  are  evenly  distributed  throughout  the  total 
volume,  acquiring  an  appropriate  density.  Insecticides  utilized 
for  disinfestation  in  their  gaseous  state  are  called  fumigants. 

Fumigation  is  one  of  the  methods  of  combating  insects  and  rodents, 
carriers  of  causal  organisms  of  infectious  diseases  (of  man  and 
animals),  pests  and  diseases  of  agricultural  plants.  The  essence 
of  fumigation  consists  in  the  addition  to  air  of  poisonous  gases. 

In  ancient  times  fumigation  meant  that  the  application  of  smoke 
obtained  by  burning  grasses  and  certain  plants;  at  the  present  time 
the  term  "fumlgjition"  means  fumigation  with  chemical  substances,  the 
action  of  which  is  manifested  chiefly  in  the  gaseous  or  vaporous  state. 

The  most  widespread  fumigants  are  hydrocyanic  acid  (olack 
cyanide,  calcium  cyanide,  sodium  cyanide,  and  others),  cho-croplcrln, 
ethylene  oxide,  ethyl  bromide,  methyl  bromide,  dlchlorethme , 
sulfurous  anhydride,  methylene  chloride,  chlorine,  chlorofoi'm, 
formaldehyde,  carbon  tetrachloride,  phosphine,  and  others.  For 
fumigation  not  only  gases  are  used,  but  also  vapors  of  preparations, 
obtained  by  volatilization  of  insecticides  and  bactericides  ([DDT] 
(JUlT),  hexachlorane,  formalin,  chlorine,  [DDVP]  (flllB®)  and  others). 

Some  of  the  gaseous  substances  possess  broad  action,  l.e.,  are 
useful  both  for  purposes  of  disinfestation,  and  also  for  dlsinfesta- 
'  tlon  and  deratization.  However,  in  most  cases  the  gaseous  substances 
have  a  specific  action  —  from  some  preparations  only  microorganisms 
die,  from  others  -  only  Insects,  and  from  a  third  gr^up  -  only 
rodents.  Thus,  for  example,  formaldehyde  possesses  strong  bactericidal 
properties,  but  Its  action  on  insects  is  weak;  sulfurdloxide  and 
chloroplcrin  possess  weak  bactericidal  properties,  acting  only  on  the 
vegetative  forms  and  not  killing  the  spore  forms  of  microorganisms; 
at  the  same  time  these  gases  possess  satisfactory  toxicity  with 
respect  to  Insects  and  rodents;  hydrocyanic  acid  and  DDVP  almost  do 
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not  possess  bactericidal  properties,  but  are  highly  effective 
agents  with  respect  to  Insects;  carbon  dioxide  does  not  possess 
significant  bactericidal  and  Insecticidal  properties,  but  It  has 
Importance  as  a  deratlzatlonal  preparation. 


I 


Fumigants  differ  from  each  other  In  their  various  degrees  of 
toxicity  to  animals.  Including  Insects.  Thus,  for  example.  If  as 
unity  there  Is  taken  the  toxicity  of  car])on  bisulfide  at  a  concen¬ 
tration  providing  complete  extermination  of  mosquitoes  after  30 
minutes  of  exposure,  then  it  turns  out  that  t^ydrocyanlc  acid  is  more 
toxic  than  carbon  disulfide  by  900  times,  than  chloroplcrln  by  225 
times,  than  chlorine  by  90  times,. than  phosgene  by  45  times,  than 
sulfurous  anhydride  by  30  times  rnd  than  ammonia  by  3,  times.  ' 

1 

The  less  toxic  fumigants  -  dlchloroethane,  carbon  bisulfide 
and  CCl^  -  were  tested  with  a  24-hour  exposure.  A  day  after  j 
fumigation  with  hydrocyanic  acid  cadeile?,  Tenebrioides  maurljfcanlcus, 
cannot  manifest  signs  of  life  upon  mechemical  irritation  or  wkrmir.g, 
but  In  subsequent  days  It  Is  pdsslble  to  revive  many  Individuals,  the, 
greater  portion  of  which  subsequently  dies.  If  on  the  day  after 
fumigation  with  carbon  bisulfide  It  seemed  that  95J5  of  the  cadelle 
larvae  had  died  then  after  90  days  It  appeared  that  their  mortality 
rate  did  not  exceed  10)J.  On  the  contrary,  the  dying  off  of  cadelle 
larvae  after  fumigation  with  ethylene  dlbromlde  or  ethylene  cfaloro- 
bromide  occurs  gradually:  after  one  day  there  cannot  be  any  dead 
iiidlvlduals ,  but  in  the  course  of  l4  days  90%  die,  after  90  days  — 
100!^  (Table  19). 


Fumigants  act  on  arthropods  and  rodents  through  the  respiratory 
system,  Into  which  they  gain  entrance  along  with  the  inhaled  air. 
Certain  fumigants  also  have  a  contact  action  (hexachlorane,  DOVP, 
solvent,  and  others).  Sulfurous  anhydride  and  chlorine,  upon  getting 
into  the  tracheae,  tracheoles,  alveoli,  act  on  their  walls. 
Hydrocyanic  acll,  DDVP,  carbon  bisulfide,  para-dl chlorobenzene  and 
others,  although  they  do  not  destroy  the  respiratory  system,  but, 
upon  getting  Into  the  cells  of  the  tl-ssues,  they  disturb  their  normal 
functions,  which  causes  the  death  of  the  Insects. 
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Table  19.  Concentrations  in  grams  per 
cubic  meter,  causing  99%  extermination 
7  days  after  fumigation  of  fourth 
instar  cadelle,  Tenebroides  mauritanious 
(Tm),  larvae;  2-week  old  grain  weevils, 
Calondria  granaria  (Cg);  1-2-week  old 
confused  flour  beetles,  Tribolium 
confusum  (Tc)  (according  to  Bond  and 
Monro ) . _ _ _ 


Mm  of  tho  proparotloB 

Ct 

Tb 

ilootofiltrllo . . . 

^ydrooJr•nl•  Mid . 

n.3 

3,0 

1*1 

Chloroplorln . . . 

Motlnrl  broMdo . 

■eqplom  dlbrMldo.. . 

CSvlOM  oMorebrMildi. ........ 

Xthylono  oxldo. . . 

lt.2 

23,0 

25,0 

tt.O 

30’ 

5.6 

6.0 

0.6 

7.2 

10.2 
3.5 

>13 

11.5 

12.8 

6.2 

25?* 

7.2 

11 

Sulfur  dloxldo . . 

Silfurrl  fluorldo. ...... ....... 

23.5 

PhOlptUM . . . 

1 

Designations:  UK  »  Tm;  AJI  =  Cg; 
MX  »  Tc . 


Fumigants  are  used  for  purposes  of  disinfection,  disinfestation 
and  deratization  of  closed  premises.  Including  living  quarters  and 
storehouses,  and  also  for  treating  railroad  cars,  aircraft,  ships, 
and  other  objects;  they  are  used  to  treat  burrows  of  rodents  under 
field  conditions.  Fumigants  find  application  in  room  disinfestation 
and  disinfection  of  linen,  clothes,  bed  appurtenances  and  software. 

The  fumigation  of  certain  objects  is  also  carried  out  in 
polyethylene  and  rubber  bags.  In  large  chambers  upholstered 
furniture  is  treated  with  hydrocyanic  acid  for  the  purpose  of 
combating  bugs,  moths,  etc. 

Aerosols  obtained  by  the  atomization  of  an  insecticide  do  not 
penetrate  into  the  many  parts  of  preraises,  where  Insects  can  be 
found.  In  contrast  to  aerosols  ^'^apors  of  Jnsectlrides  act  according 
to  the  laws  of  the  distribution  of  gases.  Upon  the  evaporation  of 
insecticides  of  the  particle  of  a  vapor  do  not  exceed  the  size  of 
fractions  of  s  micron.  The  vapors  penetrate  into  all  parts  of  the 
premises;  if  their  necessary  concentration  is  maintained  for  a 
sufficient  period  of  time,  the  insecticidal  effect  of  vapors  is 
considerably  higher  than  that  of  aerosols. 
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When  using  insecticidal  vapors  in  the  presence  of  people 
preparations  are  used,  which  possess  high  selective  toxicity,  i.e., 
which  are  highly  toxic  to  an  insect  and  only  slightly  toxic  to  man. 
Furthermore,  such  a  preparation  should  evaporate  rapidly  at  ordinary 
room  temperatures,  should  not  have  an  unpleasant  odor,  should  not  cause 
unpleasant  sensations,  and  should  not  have  at  the  same  time  a  harmful 
effect  on  furniture  and  equipment.  Among  the  insecticides  possessing 
the  enumerated  specifications  we  find  in  very  favorable  position  the 
preparation,  DDVP. 


In  the  absence  of  people  it  is  possible  to  use  the  vapors  of 
hexachlorane,  para-dlchlorobenzene  and  others.  The  sublimation  of 
hexachlorane  and  its  gamma-isomer  is  readily  carried  out  heating  it 
on  some  good,  heat-transmitting,  surface,  for  example  on  sheet 
iron  plates.  The  strong  heating  of  hexachlorane  (above  200°)  causes 
its  noticeable  decomposition.  Upon  the  heating  of  the  pure  gamma- 
isomer  of  hexachlorane  its  rapid  sublimation  into  the  air  occurs;  the 
addition  of  2-^0?  hexachlorane  or  camphor  prevents  its  sublimation. 


When  obtaining  aerosols  by  sublimation  or  evaporation  the 
insecticide  is  heated  in  such  a  manner  that  it  does  not  attain  that 
temperature,  at  which  a  considerable  amount  of  it  is  decomposed. 


The  volatility  of  fumigants  to  a  considerable  extent  depends  on 
temperature  and  pressure.  Volatility  is  usually  expressed  in  grams 
per  m  of  air;  for  example,  the  volatility , of  chloroplcrln  at  0° 
and  normal  atmospheric  pressure  (760  mm)  is  equal  to  57*5  g  per  m"'. 

It  is  not  possible  to  obtain  a  higher  concentration  under  these 
conditions;  to  Increase  the  concentration  it  is  necessary  to  raise 
the  temperature.  The  volatility  of  a  fumigant  depends  on  its  boiling 
point:  the  higher  it  is,  the  lower  its  volatility  and  vice  versa,  but 
such  a  dependence  is  not  the  general  rule  for  all  fumigants. 


A  preparation  should  have  such  a  degree  of  volatility,  at  which 
the  concentration  of  i-s  vapors  in  the  air  would  be  fatal  to  the 
Insects,  against  which  it  is  used.  The  rate  of  evaporation  of 
fumigants  can  be  Increased,  by  heating  the  ambient  air  and  the 
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preparation  itself,  and  by  lowering  the  atmospheric  pressure  or  by 
Increasing  the  area  of  evaporation. 

A  fumigant  can  be  significantly  adsorbed  by  the  fabrics  and 
by  the  materials  treated  (adsorption).  Considerable  adsorption 
58  an  undesirable  property,  since  It  delays  the  rate  of  degree  of 
penetration  of  the  preparation  Into  the  depth  of  the  materials  being 
disinfected.  Furthermore,  when  high  adsorpMon  Is  a  factor  the 
expenditure  of  the  preparation  Increases.  Thus,  for  example,  100 
times  more  chloropicrln  Is  required  when  assailing  a  suslik  In  its 
burrow  than  under  experimental  conditions  (In  a  glass  Jar),  because 
when  treating  a  burrow  the  preponderant  amount  of  chloropicrln  Is 
absorbed  by  the  earth.  Products  sorbing  a  fumigant  In  certain  cases 
acquire  an  unpleasant  odor;  this,  for  example,  occurs  when  hexachlorane 
Is  used. 

There  Is  great  danger  In  dlsinfestatlng  dwellings  with  highly 
Inflammable  fumigants. 

In  the  practical  application  of  fumigants  then  specific  gravity 
has  great  Importance.  The  specific  gravity  of  fumigant  Is  the  ratio 
of  the  weight  of  1  £  of  fumigant  vapors  to  the  weight  of  1  of  air. 
Knowing  the  specific  gravity,  it  Is  possible  to  more  correctly 
apply  the  fumigants:  preparations,  the  vapors  of  which  are  heavier 
than  air  descent,  and  substances  with  the  soeclfic  gravity  of  their 
vapors  considerably  less  than  the  weight  of  air  ascend.  It  Is 
necessary  to  consider  this  when  fumigating  premises.  The  size  of 
fumigant  particles  is  extraordinarily  small  and  Is  approximately 
equal  on*  one-thouc!»ndth  part  of  a  micron. 

Fumigant  vapors  should  be  easy  to  Identify,  should  possess 
stability,  should  be  easily  neutralized,  degaslfleo,  desorbed  and 
should  not  damage  furnishings  (paint  or  material).  The  presence 
of  fumigant  vapors  In  the  air  of  premises  Is  determjned  by  chemical 
and  organoleptic  methods. 


When  using  gaseous  and  vaporous  agents,  besides  the  general 
information  about  their  physical  and  chemical  properties,  it  is 
necessary  to  know  the  following: 

1)  the  concentrations,  at  which  a  preparation  possesses  insecti¬ 
cidal  properties; 

2)  the  specific  gravity  of  the  gas  or  vapors  of  a  preparation 
with  respect  to  air; 

3)  the  effect  of  external  factors  (temperature,  humidity,  light, 
movement  of  air,  and  so  forth)  on  its  insecticidal  properties; 

4)  the  exposure  necessary  to  obtain  posjtlve  results  in 
disinfestation; 

j 

,  f 

5)  the  absorptivity  of  a  gas  by  porous  materials  (the  surfaces 
of  objects,  the  walls  of  premises  and  various  articles  of  furniture); 

6)  the  degree  of  permeability  of  a  gas  into  various  objects 
and  materials  and  the  ability  to  penetrate  into  the  depth  of 
porous  bodies  and  other  objects; 

7)  the  ability  to  enter  into  chemical  reactions  with  treated 
objects ; 

8)  th>3  conditions  inhibiting  and  accelerating  the  liberation 
of  objects  from  gaseous  and  vaporous  agents; 

9)  neutralizing  agents; 

10)  the  degree  of  change  of  the  objects  under  the  effect  of  the 
applied  agents. 


In  order  to  effectively  use  fumigants  it  is  necessary  to  have 
the  premises  thoroughly  a.id  hermetically  sealed  to  take  measures 
for  the  equal  distribution  of  the  gas,  to  create  in  the  treated 
premises  the  appropriate  humidity  and  the  most  favorable  temperature. 
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In  connection  with  this,  the  concentrations  at  which  the  overwhelming 
majority  of  preparations  are  used  In  the  practice  of  disinfection, 
disinfestation  and  deratization  In  their  gaseous  and  vaporous  states 
are  also  toxic  to  man;  there  snouid  be  anticipated  measures  of 
safety  and  such  a  course  of  treatment  of  premises,  tents,  soli, 
and  burrows,  which  would  exclude  the  possibility  of  the  occurrence 
of  accidents  (Roan). 

In  the  field  of  disinfestation  fumigants  found  broader  applica¬ 
tion  before  the  appearance  In  19^4  of  Insecticides  possessing 
residual  action  (DDT  and  [HCCH]  (rXLtT)).  At  the  present  time  It  Is 
doubtful  whether  It  Is  expedient  to  use  highly  toxic  fumigants 
for  the  extermination  of  lice,  bugs,  cockroaches,  fleas,  files, 
mosquitoes,  and  gnats.  If  It  appears  necessary  to  subject  clothes 
and  software  to  fumigation,  then  this  can  be  successfully  accomplished 
with  the  help  of  aerosols  of  DDT,  HCCH,  DDVP  and  others. 

Fumigants  are  used  for  the  disinfestation  and  deratization  of 
granaries,  grinding  wills,  apartment  buildings,  aircraft,  ships, 
hangars  (for  railroad  cars). 

When  fumigating  to  combat  mosquitoes,  files,  and  other  Insects, 
tobacco  smoke,  pyrethrum  smoke,  or  smoke  obtained  by  the  combustion 
of  special  candles,  aerosol  pots  and  so  forth  are  used.  Tobacco 
smoke  Is  also  used  for  the  fumigation  of  trees  to  combat  Jumping 
plant  lice  and  suckers  (Psyllldae  family).  An  analogous  method  can 
be  used  for  disinfection. 

Fumigation  Is  permitted  only  for  objects  located  at  a  distance 
of  not  less  than  30  m  from  Industrial  locations  and  operating 
railroads  and  at  a  distance  of  not  less  than  50  m  from  living 
quarters.  During  the  time  of  fumigation  and  decontamination  with 
methyl  bromide  In  elevator  silos.  In  supra-sllo  and  sub-sllo 
premises  a  protective  zone  with  a  radius  of  10  m  Is  established. 

Before  fumigation  the  power  and  Illuminating  power  line  of  the 
storehouse  being  fumigated  are  switched  off.  All  matches,  lamps, 
flashlights,  and  other  Igniting  and  Illuminating  apparatuses  are 
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collected  from  the  fumigation  workers.  All  premises  being  fumigated 
must  be  Isolated  from  neighboring  premises.  The  temperature  in 
them  should  not  be  lower  than  that,  which  is  necessary  for  the 
effective  action  of  the  preparation.  The  degree  of  isolation  is 
established  by  a  physician  or  by  the  responsible  specialist  directing 
the  carrying  out  of  the  fumigation.  When  a  whole  building  is 
not  being  fumigated,  but  only  individual  premises  located  within  the 
latter  should  be  thoroughly  inspected  for  the  presence  in  it  of  auy 
slots  and  holes  connecting  it  with  other  premises  or  neighboring 
buildings.  For  the  purpose  of  hermetic  sealing  the  premises  in  it 
are  closed  and  ventilation  holes  are  covered,  cracks  in  windows, 
doors,  walls  (baseboards)  and  ceilings  (near  electric  wiring)  are 
sealed;  it  is  also  ascertained  whether  gas  can  get  through  a  cellar 
into  neighboring  premises.  The  stopping-up  is  carried  out  with 
paper  strips  with  a  width  of  5-7  cm,  a  length  of  80  cm,  covered  with 
freshly  prepared  paste.  The  hermetic  sealing  of  heated  surfaces 
is  accomplished  with  paper  smeared  with  vaseline  or  a  2:1  mixture 
of  liquid  soap  and  vaseline.  ^ 

During  fumigation  of  a  whole  building  fcr  the  purpose  of  disin¬ 
festation  or  deratization  the  most  favorable  conditions  are  created 
for  the  penetration  of  the  gas  into  the  cellar  and  into  cracks  and 
apertures.  Treating  a  one-story  building  one  window  is  closed  in 
such  a  manner  that  it  can  be  opened  from  the  outside.  The  cubic 
volume  of  the  premises  and  its  degree  of  loading  with  object  are 
determined  in  order  to  ascertain  the  amount  of  preparation  required. 
Plants,  animals,  food  products,  water,  and  when  necessary  software 
(linen,  clothes)  are  removed  from  the  premises.  The  pieces  of 
furniture  are  moved  as  far  apart  as  possible  and  when  pcusible 
cabinets,  chests  and  so  forth  are  left  open.  Software  which  can  be 
treated  is  spread  out  and  hung  up. 


When  using  sulfur  or  chlorine  the  fire  boxes  of  stoves  or 
furnaces  and  the  damper  openings  are  smeared  with  clay.  In  the  damp 
season  premises  subjected  to  treatment  with  sulfur  dioxide  are  first 
well  heated  and  aired  out  to  decrease  the  humidity  of  all  the  premises 
and  individual  objects.  The  following  should  be  removed  from  the 
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premises:  upper  clothes,  dresses,  linen,  and  bed  appurtenances 
(with  the  exception  of  mattresses),  precision  mechanisms  -  clocks, 
radios,  telephones,  and  valuable  metallic  articles  (nickel-plated 
beds,  varnished  and  polished  object  of  furniture,  musical  instruments). 
When  upholstered  furniture  with  bright-colored  upholstering,  and  also 
metallic  and  polished  objects  are  left  in  the  premises  to  be  disinfec¬ 
ted  they  are  protected  from  the  Injurious  effect  of  sulfur  dioxide 
In  the  following  way:  sofas  and  easy  chairs  are  placed  with  their 
legs  upwards  or  the  seat  and  back  are  covered  with  rags  or  sheets 
of  paper;  metallic  objects  are  abundantly  smeared  with  vaseline  or 
wrapped  with  long  strips  of  paper  in  the  form  of  a  spiral;  varnished 
and  polished  objects  of  furniture  are  covered  with  strips  of  fabric 
or  paper  In  the  same  way,  so  that  gas  has  access  to  all  the  fissures 
In  the  furniture  and  furnishings. 

Upon  completion  of  the  treatment  the  premises  are  defumlgated  by 
slnqple  airing  out:  the  doors  are  opened,  currents  of  air  are 
established,  and  the  ventilation  accomplishes  its  effect. 

In  opening  kegs  containing  dichloroethane  and  methylallyl 
chloride  both  heating  of  the  plugs  and  striking  them  with  metallic 
objects  are  prohibited.  Containers  of  methyl  bromide  are  placed  In 
such  a  manner  that  the  workers  do  not  get  Into  the  spray  Jet:  the 
containers  most  remote  from  the  entrance  are  opened  first.  In 
opening  Jars  with  hydrocyanic  add  and  disposing  of  the  disks  you 
start  from  the  more  distant  places,  gradually  moving  toward  the 
exit.  The  doors  and  windows  of  a  storehouse  are  stopped  up  with 
putty  after  fumigation;  nails  should  not  be  pounded  Into  them. 

Leakage  of  chloropicrln,  dlschloroethane,  methylallyl  chloride 
Is  ascertained  organoleptically.  Leakage  of  hydrocyanic  acid  is 
detected  by  bezldlne  papers.  Leakage  of  methyl  bromide  Is  detected 
with  a  Indicator  burner.  In  an  atmosphere  of  methyl  bromide  vapors 
the  color  of  the  burner  flame  changes. 

An  hour  after  the  beginning  of  airing  In  the  case  of  using  of 
highly  toxic  fumigants  member:  . f  ;  fumigation  detachment  in  gas  masks 


and  sanitary-hygienic  clothes  enter  the  premises  in  pairs  and  open 
the  remaining  doors.  To  accelerate  defumlgatlon  it  is  desirable 
to  bring  the  temperature  of  the  premises  to  +25® »  having  switched  on 
ventilation  devices. 

The  fumigated  premises  are  kept  secure  from  the  moment  of  the 
beginning  of  the  treatment  with  the  gas  right  up  until  they  have 
been  completely  alrod  out. 

After  the  treating  of  living  quarters  the  people  are  allowed 
to  move  back  in  only  with  the  permission  of  a  physician  or  some 
other  highly  qualified  specialist,  under  whose  leadership  the  disin¬ 
festation  was  conducted;  the  return  of  the  tenants  to  the  premises 
can  bt  permitted  only  after  the  persons  who  conducted  the 
disinfestation  are  convinced  that  it  is  safe  to  resume  living 
there. 

After  using  strong  preparations  (chloropicrin,  hydrocyanic 
acid,  phosgene)  the  opening  of  the  premises  is  carried  out  in  the 
presence  of  a  responsible  director  of  the  operations  at  the  calmest 
time  with  respect  to  traffic  on  the  street  (at  night);  the  opening 
is  carried  out  gradually,  in  sections,  in  order  to  prevent  the  propa¬ 
gation  of  the  gas  over  large  distances  from  the  place  of  the  operei- 
tlons . 

The  completeness  of  the  defumigation  of  hydrocyanic  acid  is 
determined  by  a  benzidine  test.  The  completeness  of  the  defumlgatlon 
of  methyl  bromide  is  determined  by  an  indicator  burner.  The  giving 
over  of  the  grain  for  processing  or  for  seeds  after  fumigation 
with  chloropicrin,  dlchloroethane  or  methylallyl  chloride  is 
determined  by  the  absence  of  the  odor  of  the  preparation.  Pood 
grain  can  be  used  when  the  content  of  the  chemical  does  not  exceed 
the  established  sanitary  norm.  Grain  fumigated  with  methyl  bromide 
can  be  given  over  for  food  purposes  after  five  days  of  passive 
defumlgatlon. 


The  special  conditions  to  be  fulfilled  when  using  Individual 
fumigants  Is  noted  In  their  descriptions. 

Qas  chambers  are  hermetic  premises.  In  which  the  treatment  of 
bulky  objects  and  even  railroad  passenger  cars  is  conducted  with 
gases:  chloroplcrln,  black  cyanide,  ethylene  oxide,  methyl  bromide, 
liquified  8 ulfiiTous  anhydride  and  sulfur.  The  chambers  are  Intended 
for  disinfestation.  When  using  gases  It  Is  necessary  to  observe  all 
measures  of  personal  and  public  safety.  The  work  Is  conducted  In 
gasmasksi  and  appropriate  special  clothing.  The  articles  are  loaded 
Into  a  chamber  pre-heated  to  20-30°  after  which  the  gas  Is  Introduced 
Into  It.  Chloroplcrln  Is  poured  In  a  thin  layer  into  water  or  sand 
baths  or  burlap  moistened  In  chloroplcrln  is  hung  up.  The  doors  of 
the  chamber  are  closed  tightly.  The  gas  dosage  Is  100  g  per  nl^ 
with  an  exposure  of  1  h. 

When  black  cyanide  Is  used  It  Is  scattered  on  oilcloth  spread 
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on  the  floor  of  the  chamber  at  a  rate  of  25  g  per  m  ;  the  exposure 
Is  4  h. 

Ethylene  oxide  due  to  Its  explosiveness  Is  used  In  a  mixture 
with  carbon  dioxide.  This  gas  bears  the  name  cartox.  It  Is  used  to 
combat  grain  pests,  being  supplied  into  elevator  storehouses  from 
containers.  Cartox  Is  also  used  for  disinfection  of  various  articles 
infested  with  vegetative  forms  of  microorganisms. 

Methyl  bromide  Is  used  for  disinfestation  and  disinfection  in 

special  chambers. 

J 

P^scautlonary  measures.  According  to  the  existing  rules,  only 
persons  over  l8  years  of  age,  physlcall'  healthy  and  specially 
prepared,  and  who  are  able  to  work  continuously  In  a  gas  mask  for 
not  less  than  an  hour  are  permitted  to  work  with  fumigants.  These 
workers  undergo  periodical  medical  examinations,  not  less  than  one 
exam  In  each  6  month  period. 
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Not  permitted  to  work  with  hydrocyanic  acid  and  other  fumigants 
are  persons,  suffering  from  blood  diseases  and  secondary  anenla 
(hemoglobin  content  Is  less  than  60|),  diseases  of  the  cardiovascular 
system  and  of  the  respiratory  organs,  organic  diseases  of  the  nervous 
system,  epilepsy,  expressed  neurotic  conditions,  psychic  diseases 
(Including  those  In  the  remission  stage).  Also  not  allowed  In  this 
type  of  work  are  people  with  wounds,  pregnant  women  and  nursing 
mothers . 
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The  main  agent  of  personal  protection  for  persons,  engaiged  In 
fumigation  operations  Is  the  gas  mas>'.,  where  the  latter  Is  allotted 
to  each  Individual  person.  Each  time  before  entering  a  poisoned 
atmosphere  the  airtightness  of  the  gas  mask  Is  thoroughly  checked. 
Moreover  It  Is  considered  that  HCN  vapors  are  not  absorbed  well  by 
activated  carbon,  therefore  the  gas  mask  Is  additionally  supplied 
with  a  chemical  absorber  which  retains  hydrocyanic  acid. 

Before  fumigating  with  methyl  bromide  or  hydrocyanic  acid  the 
reliability  of  the  gas  masks  are  additionally  checked  in  a  fumiga¬ 
tion  chamber  with  chloroplcrln. 

Before  fumigating  large  objects  with  methyl  bromide  or 
hydrocyanic  acid  a  physician  questions  the  participants  about 
their  health.  Before  beginning  disinfestation  work  the  director  of 
the  operations  goes  over  the  pertinent  Instructions. 

It  Is  recommended  that  a  gas  mask  can  not  be  worn  continuously 
for  more  than  30  minutes,  and  that  a  10-ralnute  break  outside  the 
fumigated  premises  with  the  gas  mask  removed  follow  this.  Besides 
the  gas  mask  all  workers  of  a  fumigation  group  are  provided  with 
coveralls  of  closely  woven  fabric,  rubber  gloves,  mittens,  and 
rubber  boots.  Not  less  than  2  persons  should  enter  at  one  t^-ne  Into 
premises  being  fumigated,  so  that  In  case  of  an  emergency  one  can 
help  the  other.  All  members  of  the  group  should  be  familiar  with 
the  methods  of  administering  first  aid.  In  treating  premises  with 
highly  toxic  fumigants  all  the  neces-.ary  elements  should  be  anticipated 
for  administering  first  aid  In  case  of  an  accident.  The  Injured 
person  should  first  of  all  be  carried  out  Into  the  fresh  air.  Upon 
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completion  of  fumigation  with  hydrocyanic  acid  the  gas  mask  should 
be  removed  only  after  the  clothing  have  been  aired  out.  The  quality 
of  airing  is  determined  with  be^ildlne  paper. 

It  is  permissible  to  enter  a  storehouse  that  has  been  fumigated 
with  chloroplcrln,  dichloroethane  or  methylallyl  chloride  only 
after  the  odor  of  the  fumigant  has  been  dispersed. 

After  gas  disinfestation  the  workers  should  take  a  shower  or 
wash  with  hot  water,  and  also  air  out  their  work  clothes.  Each 
brigade  should  have  a  first  aid  medicine  kit  with  a  complement  of 
drugs  depending  upon  the  poison  being  applied.  Upon  completion  of 
the  work  the  work  clothes  and  footwear  should  be  immediately  removed, 
well  aired  out  and  stored  in  lockers  outside  the  living  quarters. 

The  eating  of  food  and  smoking  are  permitted  only  after  washingi  upon 
completion  of  the  work. 

Sulfuryl  fluoride  belongs  to  the  slightly  toxic  fumigants; 

It  is  safe  for  people  working  8  hours  per  day  in  premises  containing 
100  parts  of  insecticide  per  million  parts  of  air,  whereas  the 
analogous  level  for  hydrogen  cyanide  is  10  parts,  and  for  methyl 
bromide  -  20  parts  per  million. 

Methyl  Bromide 

Methyl  bromide  (bromomethane)  CH^Br  is  a  colorless  liquid,  but 
with  the  presence  of  impurities  is  a  slightly  yellowish  color;  its 
molecular  weight  is  9^,95;  the  specific  gravity  is  1.73.  Its 
boiling  point  is  +^.5®;  it  is  noninflammable.  At  room  temperature  it 
is  a  gas.  Its  vapor  pressure  at  25®  is  102^1  mm  Hg.  The  saturation 
of  vapors  at  25®  is  2869  mg/i;  at  ^10®  -  ^  atm  and  at  50®  -  5  atm. 

The  vapors  of  methyl  bromide  are  3.25  times  heavier  than  air.  The 
preparation  possesses  bactericidal,  sporlcldal  and  insecticidal 
properties . 

The  solubility  of  pure  methyl  bromide  in  water  is  about  O.ll  by 
weight;  it  is  slightly  soluble  in  alcohol,  ether,  chloroform.  It 
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dissolves  fats,  resins,  and  rubber  well.  Qaseous  methyl  bromide 
does  not  react  with  metals,  wood,  paints,  and  varnishes.  It  Is 
stored  under  pressure  In  steel  containers  holding  60-70  kg  of  liquid 
methyl  bromide,  and  also  In  ampules  with  a  volume  of  20  ml  (the 
weight  of  one  such  ampule  Is  34  g). 

The  nonvolatile  residue  of  technical  methyl  bromide  consists 
mainly  of  Iron  bromide,  the  presence  of  which  determines  Its  dark 
color.  Technical  methyl  bromide  has  sometimes  the  unpleasant  odor 
of  mercaptan  (of  putrescent  protein  materials),  which  can  be 
retained  In  the  air  of  premises  subjected  to  fumlgatjlon  for  several 
days  after  the  complete  removal  of  the  vapors  of  the  preparation, 
but  this  odor  Is  not  transmitted  to  fund  gated  grain,  grain  products, 
or  the  raw  oils. 


Methyl  bromide  at  expenditure  rates  used  for  disinfection  does 
not  affect  the  food  and  commercial  qualities  of  grain,  the  output 
or  the  raw  oils. 

The  vapors  of  methyl  bromide  possess  good  penetrating  ability, 
thanks  to  which  they  readily  and  rapidly  spread  throughout  bulk 
grain  and  other  goods  being  fumigated.  As  compared  to  other  fumigants 
It  Is  to  a  minor  degree  absorbed  by  fumigated  products  and  materials 
and  Is  rapidly  de fumigated. 


Methyl  bromide  Is  a  highly  effective  fumigant  for  combating 
pests  of  grain  stores.  In  toxicity  It  Is  not  Inferior  to  chloroplcrln, 
and  with  respect  to  certain  species  of  pests  It  Is  even  more  effective. 
Methyl  bromide  Is  toxic  to  all  stages  of  development  of  Insects  and 
mites,  both  In  the  apparent,  and  also  In  the  concealed  forms  of 
Infection  (S.  A.  Berendyayev  and  others). 


A  mixture  of  methyl  bromide  and  ethylene  dlbromlde  Is  highly 
effective  In  combating  Insects. 


Methyl  bromide  Is  used  to  fumigate  food  products  In  storehouses. 
It  Is  only  slightly  adsorbed  by  the  walls  of  premises  and  thus 
penetrates  well  Into  deep  fissures.  Methyl  bromide  does  not  have 
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Methyl  bromide  is  used  In  its  gaseous  state  for  the  disinfestation 
and  disinfection  of  ghrmerits*  bed  appurtenances,  and  articles  of 
rubber,  velvet,  silk,  and  synthetic  material  (caprone,  nylon),  and 
also  fabrics  colored  with  various  unstable  dyes  and  damaged  by  the 
thermal  method  of  treatment. 

Methyl  bromide  is  used  for  disinfestation  not  only  of  software  ^ 

but  also  of  furniture.  Bugs  die  in  the  chambers  in  the  presence  of  w 

9  mg/'A.  It  can  be  used  for  the  disinfestation  of  software  in 

two-layered  polyethylene  bags  with  dimensions  of  140  x  70  cm  (l.e., 

•a 

with  a  volume  of  0.1  ra  )  Because  of  the  considerable  toxicity  of 
methyl  bromide  the  disinfestation  in  polyethylene  bags  is  conducted 
outdoors . 

Fumigation  with  methyl  bromide  is  permissible  when  the  average 
tenqperature  of  the  air  in  the  premises  where  the  infested  cargoes  are 
located  is  not  lower  than  10°  and  the  temperature  of  the  external 
air  is  not  lower  than  10°. 

For  the  disinfestation  and  disinfection  of  articles  in  the  cold 
season  it  is  necessary  to  use  separate  heated  premises  located  at  a 
distance  of  not  less  than  25  m  from  living  quarters.  When  utilizing 
heated  premises  separated  by  a  partition,  in  one  half  the  loading 
of  the  bags  is  carried  out,  and  in  the  other  -  their  unloading. 

O 
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an  odor  (thus,  a  2|  chloroplcrin  solution  is  added  to  it  as  a 
warning  agent);  it  la  almost  Insoluble  in  water.  Methyl  bromide 
is  toxic  to  all  the  developmental  stages  of  the  grain  weevil  and 
is  effective  against  very  many  harmful  Insects  and  fungi;  it  is  not 
a  fire  hazard;  in  fumigating  dried  fruits  it  does  not  form  toxic 
compounds  with  sugar,  which  occurs  with  hydrocyanic  acid. 

When  used  to  fumigate  cheese,  oil,  etc.,  it  does  not  change 
flavor  qualltltes  of  these  products;  it  does  not  affect  the  germlna 
blllty  of  seeds.  Methyl  bromide  is  used  to  exterminate  pests  in 
lumber  (boards  with  a  thickness  of  100  mm  are  successfully  treated 
at  atmospheric  pressure  in  the  course  of  24  hours). 


Before  loading  the  bags  they  are  cheeked  for  holes  and  other  flaws 
and  In  the  case  of  breaks  patches  are  applied  to  the  covering  with 
an  Iron.  The  seams  of  the  bags  are  also  hermetically  sealed  with  a 
hot  Iron  and  In  an  extreme  case  with  a  heated  metallic  plate  with 
dimensions  of  15  4  cm  and  a  thickness  of  0.5  cm.  For  this  the 

edges  of  the  polyethylene  covering  are  placed  on  a  wooden  block  and 
closed  from  above  and  from  below  with  a  sheet  of  parchment  or 
cellophane  In  order  to  avoid  the  covering  adhering  to  the  Iron.  The 
seam  Is  made  double,  first  by  folding  the  polyethylene  cover  over 
1  cm  and  pressing  with  an  Iron,  but  then  by  folding  It  over  again 
by  1  cm  and  Ironing  again.  A  robe  and  gloves  are  worn  when  loading 
the  articles. 

Accor'-Ung  to  A.  A.  Subbotln  and  A.  G.  Prlshchep,  with  an 
identical  molecular  ratio  of  methyl  bromide  and  ethylene  oxide  the 
action  of  the  methyl  bromide  on  the  Insects  (lice,  bugs)  Is  more 
expressed  than  that  of  the  ethylene  oxide.  Disinfestation  of  fur 
articles  in  a  chamber  in  bulk  Is  provided  by  a  concentration  of 
methyl  bromide  In  the  form  of  a  10<  gas  in  a  volume  of  1  m^,  an 
exposure  of  1  h  and  a  temperature  of  from  +18  to  +20°,  and  of  13J{ 
ethylene  oxide.  The  disinfestation  of  fur  articles  In  polyethylene 
bags  In  bulk  is  provided  by  an  expenditure  of  680  g  of  methyl  bromide 
per  m  ,  an  exposure  of  1  1/2  hours  and  a  temperature  of  from  +10  to 
+20°.  The  disinfestation  of  wool  and  cotton  articles  in  polyethylene 
bags  Is  provided  by  an  expenditure  of  340  g  of  methyl  bromide  per 
m  and  a  temperature  of  from  +14  to  +15°,  with  an  exposure  of  1  h. 

The  methyl  bromide  Is  Introduced  Into  the  bag  by  one  of  two 
ways:  by  crushing  the  ampules  or  by  Introducing  It  from  the  cylinder. 
When  the  ampules  are  used  to  facilitate  crushing  they  are  placed  on 
a  metallic  or  wooden  slab  with  dimensions  of  20  x  4  cm  with  a  thickness 
of  0.5  cm. 

Upon  completion  of  the  exposure.  If  the  work  were  carried  out 
within  premises  a  disinfector  (In  a  gas  mask)  airs  out  the  premises, 
by  opening  the  windows  and  doors.  The  airing  lasts  15  minutes, 
after  which  the  disinfector  (In  a  gas  mask)  unties  the  bags  and 
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departs  from  the  premises.  A  repeated  airing  lasts  15  minutes, 
after  which  the  articles  are  unloaded  from  the  bags  and  aired  for 
not  less  than  2-3  hours j  only  after  this  can  the  articles  be  used. 

A  dosage  of  85  g  of  preparation  per  m^  with  an  exposure  of 
3  h  under  conditions  of  hermetically  sealed  premises  ensures  complete 
destruction  of  the  Insects  and  their  eggs  (lice,  bugs,  common 
cockroaches ) . 

The  fumigation  of  batches  of  grain  and  raw  oil  products'  is 
prohibited  in  the  presence  of  initial  spontaneous  combustion  effects. 
Before  fumigating  the  firmly  packed  bulk  material  is  loosened  from 
above;  the  foci  of  initial  spontaneous  combustion  effects  are  cooled 
to  the  temperature  of  the  basic  mass  of  the  goods. 

According  to  the  rules  worked  out  by  the  Sanitary-Hygienic 
Laboratory  of  Water  Transport,  for  the  disinfestation  of  grain  in 
holds  50-70  g/m^  is  required  (Table  20). 


Table  20.  The  amount  of  methyl  bromide  in  grams  per  cubic  meter 
required  for  the  disinfestation  of  grain. 


Depth  of  load¬ 
ing  of  the  hold 

•1 

Grain  and  grain 
products  in  bulk 

Raw  oil  raptorial 
in  bull: 

Packaged  grain  pro¬ 
ducts  and  raw  oil 
material 

rate  of 

ejqjenditure 

g/n^ 

exposure 
in  h 

rate  of 

expenditure 

g/m3 

exposure 
in  h 

rate  of 

expenditure 

g/m3 

e3q>osure 
in  h 

Dp  to  7  m . 

50-55 

60-70 

21 

1*8 

60-65 

80-85 

36 

1*8 

50-55 

60-65 

21* 

21*-36 

Above  7  m . 

For  disinfestation  of  cargoes,  and  also  for  fumigating  firmly 
compressed  and  highly  Infested  peanuts  and  grain  packed  in  bulk,  the 
dosage  of  methyl  bromide  is  increased  by  205<  and  the  exposure  by 
20  h. 


Methyl  bromide  is  Introduced  into  premises,  also  including  the 
holds  of  ships,  in  liquid  form  through  spraying  Jets  from  cylinders, 
in  which  it  is  under  a  pressure  of  5-6  atm.  The  cylinders  are 
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placea  outside  the  premises  being  fumigated  and  the  methyl  bromide 
Is  supplied  through  hoses  connected  to  the  lateral  male  fittings 
of  the  cylinders  by  adapter  couplings  with  sleeve  nuts.  The  free 
ends  of  the  hoses  are  Introduced  Into  the  premises  being  fumigated. 

The  cylinders,  from  which  the  methyl  bromide  must  be  fed  at  several 
points  In  parts,  are  mounted  on  scales  In  order  to  provide  an  exact 
weighing  of  the  necessary  quantities  of  the  fumigant. 

Within  20-30  min  of  the  completion  of  the  feeding  of  Imethyl 
bromide  Into  the  premises  being  fumigated  an  indicator  burner  Is 
used  to  thoroughly  check,  whether  there  Is  gas  leakage  Into 
adjacent  premises.  In  the  process  of  fumigational  exposure  a  worker 
selected  from  the  fumigational  detachment  conducts  a  systematic 
observation  to  detect  methyl  bromide  leakage.  Upon  detecting  of 
gas  leakage  sites  they  are  hermetically  sealed. 

In  fumigating  under  conditions  of  reduced  external  temperatures 
(lower  than  10®)  the  cylinders  to  be  used  are  first  well  heated  in 
the  heat  of  the  premises  and  when  they  are  set  up  in  the  cold  locations 
they  are  heated  with  hot  water.  For  this  the  cylinders  are  placed 
in  barrels,  which  are  filled  with  hot  water  in  proportion  to  the 
opening  of  the  valves  of  the  cylinders;  the  hot  water  should  be 
prepared  beforehand.  Open  flame  sources  must  not  be  used  to  heat 
the  cylinders  -  blow  torches.  Jets,  and  so  forth,  and  also  when  the 
hot  water  Is  poured  into  the  barrels  with  the  cylinders  the  valves 
of  the  cylinders  should  be  closed. 


During  the  fumigation  period  chemical  control  of  the  concentration 
of  methyl  bromide  Is  carried  out  In  the  holds.  Air  samples  are  taken 
and  they  are  analyzed  by  the  appropriate  methods  worked  out  by  the 
All-Union  Grain  Scientific-Research  Institute. 

In  the  case  when  the  average  actual  concentrations  appear  to  be 
lower  than  those  Indicated  in  the  table,  the  fumigational  exposure 
should  be  extended  or  when  possible  additional  quantities  of  methyl 
bromide  should  be  introduced  Into  the  holds  (Table  21). 


Table  21.  Lethal  quantities  of  methyl  bromide  and 
the  exposures  for  certain  species  of  grain  pests. 


Tanparatura 

8-140 

1 

Tanparatura 

15-200 

Tanparatura 
hl^ar  than  200 

Spaeltt  of  InMot 

latha 
tratl 
with 
in  h 

1  eonaan- 
ona  (g/n3) 
tha  axpoaira 

lathal  oonoan- 
tratlona  (g/n^) 
Iwith  tha  axpoara 
|ln  h 

lathrl  concan- 
trations  (g/m^) 
with  the  expoaura 
in  h 

2* 

36 

48  j 

24 

36 

48 

24 

36 

48 

Riot  gralnary  wmvII . 

4.S 

S 

1 

3.5 

4 

2.5 

2 

3.5 

2 

2 

S«r-toothid  grain 

4 

s 

2.5 

3.5 

2.5 

2 

3 

2 

2 

Huft-rad  flour  baatla . 

Maditarranaan  flour  noth 

S 

a.s 

3 

4.5 

a 

3 

4 

2.5 

'2  . 

(larvaa) . 

$ 

2 

2.5 

2 

2 

2 

2 

.  2 

Elongatad  aita . . 

Khapa  baatla . 

4.t 

a 

2.5 

4 

2.5 

2 

3.5 

2 

2 

—  : 

S 

5.5 

4 

5 

5.5 

4 

Due  to  the  fact  that  methyl  bromide  Is  heavier  than  air  It 
descends  downward  during  fumigation.  Uniformity  of  concentration 
of  this  preparation  Is  achieved  with  the  use  of  fans;  they  should 
also  be  used  to  air  out  the  premises  after  fumigation. 


It  Is  very  advantageous  to  use  methyl  bromide  together  with 
ethylene  oxide.  Thus,  when  methyl  bromide  Is  used  alone  3  1/2 
times  more  preparation  is  required  than  when  it  Is  used  In  a  mixture 
with  ethylene  oxide  (1:1). 

Methyl  bromide  at  conc3ntrations  of  3. ^-3* 9  g/z  of  air  with  an 
l8-hour  exposure  at  room  temperature  can  be  used  for  disinfestation 
of  balls  of  hair  and  bristles  In  the  presence  of  high  humidity. 


Bromide  methyl  Is  one  of  the  most  potent  nerve  poisons;  It  is 
dangerous  to  man  and  animals,  and  because  It  lacks  an  odor  special 
precautions  are  necessary  when  working  with  It.  The  maximum  safe 
concentration  of  methyl  bromide  with  prolonged  exposure  Is  O.OOlTit  by 
volume . 


Work  with  this  preparation  should  be  carried  out  In  an  oxygen 
gas  mask,  coveralls,  or  a  special  apron  and  rubber  gloves.  Only 
persons  who  are  well  Informed  and  completely  healthy  should  be 
allowed  to  work  with  It. 
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The  permissible  concentration  In  the  air  of  Industrial  premises 
Is  0.003  mg/ji. 

In  case  of  accidents  the  symptoms  of  poisoning  appear  only  after 
several  hours  or  after  several  days.  It  Is  characteristic  that  even 
In  acute  poisoning  the  symptoms  of  Intoxication  after  Intervals  of 
from  several  hours  to  2-3  days.  The  pattern  of  poisoning  develops 
very  slowly  (weeks  and  months)  and  recovery  goes  even  more  slowly. 
Methods  for  detecting  of  methyl  bromide  In  the  air  have  been  well 
worked  out  (Dumas). 


Hexachloroethane 

Hexachloroethane  (Cl^CCCl^)  Is  a  white  crystalline  (rhombic 
crystals)  powder.  Insoluble  In  water,  with  a  unique  odor  reminiscent 
of  the  odor  of  camphor.  Its  molecular  weight  Is  236,76.  Its  melting 
point  Is  185®;  It  sublimates  even  at  room  temperature. 


It  Is  an  effective  larvlclde  In  combating  files.  Like  napthalene, 
It  Is  sometimes  used  to  treat  fur  articles  against  moles.  It 
possesses  weak  bactericidal  properties.  It  Is  harmless  to  man  and 
domestic  animals.  It  Is  used  as  an  anthelmintic  agent  for  animals. 
Doses  of  0.16-0.2  g  per  1  kg  of  weight  of  the  afflicted  animal  when 
orally  administered  are  endured  without  any  side  effects. 


DDVP 


Demethyl  dlchlorovlnyl  phosphate  (DDVP)  has  recently  attracted 
special  attention.  Vapors  of  DDVP  are  obtained  basically  by 
atomization  or  evaporation  (see  p.  39L). 


Dlchloroethane 


Dlchloroethane  [ethylene  dlchlorlde]  Is  CgH^Clg.  This  Is  a  color¬ 
less  liquid  with  an  odor  reminiscent  of  chlorofoimi  and  a  burning- 
sweetish  taste.  Its  boiling  point  is  83.4®;  it  freezes  at  -3b. 3°; 
it  melts  at  36®.  Its  specific  gravity  Is  I.2569.  Its  vapor  pressure 
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at  25  Is  79.6  mm  Hg.  The  vapors  of  dlchloroethane  are  3  1/2  times 
heavier  than  air.  Concentrations  of  300-350  g/m"^  are  fatal  to  fly, 
lice,  ant,  bug,  and  cockroach  larvae  with  an  exposure  of  48  h  at 
room  temperature.  Dlchloroethane  vapors  are  toxic  to  Norway  rats 
and  mice  at  an  amount  100  g/m  with  an  exposure  of  2  h,  but  they  are 
not  suitable  for  dlslnfectlonal  purposes;  Bacillus  (Esherlchla)  coli 

O 

•and  Staphylococcus  do  not  die  after  72  hours  from  300  g/m-^  at  37°. 
Aqueous  solutions  and  soap  emulsions  of  dlchloroethane  possess 
insecticidal  and  some  bactericidal  properties.  The  preparation  ' 
does  not  corrode  metals  at  normal  temperatures  and  is  not  much  of 
a  fire  hazard. 

Dlchloroethane  is  a  product,  located  on  the  brink  between 

Inflammable  and  noninflammable  organic  liquids;  it  is  ignited  by 

fire  with  difficulty  and  it  burns  with  a  smoking  flame.  Spontaneous 

combustion  of  dlchloroethane  is  possible  in  air  at  a  temperature 

of  448-449°.  The  lowest  limit  of  possible  combustion  and  explosion 

of  dlchloroethane  vapors  in  a  mixture  with  air  at  a  tempei'ature  of 

20°  corresponds  to  a  rate  of  expenditure  of  180  g  of  liquid  dichloro- 
•5 

ethane  per  1  m*^  of  space.  Sources  of  combustion  and  explosion  of 
dlchloroethane  in  a  mixture  with  air  in  a  closed  space  can  be  a 
lit  match,  a  smoldering  cigarette,  a  spark  obtained  by  striking  a  metal 
object  or  a  stone,  short-circuiting  of  electrical  wires,  the  presence 
o.r  smoldering  coa^ls  in  a  stove,  the  presence  of  products  within  a 
space  in  a  state  of  spontaneous  combustion  and  other  sources  of 
fire. 

Dlchloroethane  decomposes  in  light  giving  off  hydrochloric 
acid.  It  is  used  to  fumigate  food  and  seed  grain,  groats,  grits, 
flour,  barges,  packing,  pallets,  and  for  deratization.  The  use  of 
dlchloroethane  is  prohibited  for  disinfecting  oil-producing  cultures 
corn.,  corn  flour,  and  grits,  soy  beans,  and  soy  flour,  pharmaceutical 
raw  materials,  laurel  leaf,  cinnamon,  cloves,  and  other  spices,  dry 
vegetables,  dried  meat,  fish,  cheese,  and  other  products,  and  also 
for  dlslnfestatlng  elevators,  grinding  mills,  hulling  mills,  steamers, 
grain  dryers,  and  harbour  structures. 


The  moisture  of  grain  disinfected  with  dlchloroethane  should 
not  exceed  lo%  and  products  made  from  It  -  15% •  When  grain  has 
become  warm  it  should  be  cooled  before  fumigation.  When  fumigating 
grain  stored  in  granaries,  empty  storehouses,  and  also  barges  the 
expenditure  of  dlchloroethane  should  be  200-300  g  per  m*^. 

In  fumlgatlonal  treatment  for  deratization  of  cellars  of 
storehouses,  in  which  there  is  not  grain  dlchloroethane  is  introduced 
into  the  cellar  through  holes  in  the  floor  boards ;  when  loading 
storehouses  with  grain  or  grain  products  dlchloroethane  is  Introduced 
into  the  cellar  by  bags  moistened  in  this  poison;  these  bags  are 

fastened  to  posts,  through  vents;  which  after  this  are  closed  tight. 

2 

In  both  cases  dlchloroethane  is  Introduced  at  a  rate  of  100  g/m  of 
floor  area. 

The  premises  being  treated  should  be  at  a  distance  from  the 
nearest  habitable  and  public  buildings  of  not  less  than  50  m. 

Treating  with  dlchloroethane  vapors  is  not  permitted  under  the  follow¬ 
ing  conditions:  when  the  temperature  of  the  external  air  is  lower 
than  10° ,  in  windy  or  rainy  weather  or  when  it  is  impossible  to 
hermetically  seal  the  premises;  furthermore,  simu'ltaneous  treatment 
is  not  permitted  of  two  or  more  buildings,  located  at  a  distance  of 
less  than  200  m  from  each  other. 

In  jrtAises  being  subjected  to  treatment,  the  temperature  should 
not  be  lower 'than  room  (15-18°)  temperature. 

The  evaporation  of  dlchloroethane  is  achieved  by  one  of  the 
following  methods:  by  treating  burlap  or  other  fabrics  with  it 
subsequently  hanging  them  in  the  premises;  by  atomization  of  the 
preparation  with  a  hand  sprayer,  automatic  sprayer,  etc. 

Dlchloroethane  is  toxic  to  man,  therefore  the  treating  of 
premises  with  it  is  carried  out  using  gas  masks.  When  working  with 
it,  it  is  necessary  to  protect  all  parts  of  body  from  the  drops. 
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Dlchloroe thane  causes  acute  and  chronic  poisoning;  It  Is  most 
dangerous  when  It  gets  Into  the  organism  through  the  gastrointestinal 
tract.  Cases  of  poisoning  are  known  with  a  fatal  outcome  caused 
by  taking  Internally  20-50  ml  of  dlchloroethane. 

Dlchloroethane  Is  good  solvent  for  fats,  wax,  various  alkaloids, 
and  certain  Insecticides. 

Methylallyl  Chloride 

Methylallyl  chloride  (methallyl  chloride)  Is  C|^H,^C1;  It  Is  a 
transparent,  slightly  volatile  liquid  with  a  specific  odor;  Its 
boiling  point  Is  72®;  Its  freezing  point  is  -80®;  the ''specific  weight 
of  the  liquid  Is  0.928  and  the  molecular  weight  90,5;  It  dissolves 
poorly  In  water  (0.  [Translator's  Note:  Russian  quantity  Illegible] 
by  weight).  Vaporous  methylallyl  chloride  Is  approximately  three 
times  heavier  than  air.  Its  vapor  pressure  0®  Is  4  mm  Hg,  at  20®  — 
110  mm  Hg.  According  to  source  material,  a  mixture  of  methyllayl 
chloride  vapors  with  air,  containing  less  than  105  g  of  methylallyl 

■3 

chloride  per  m"^  Is  noninflammable. 

3 

With  the  presence  of  more  than  105  g  per  m  of  air  the  mixture 
Ignites  explosively. 

The  preparation  Is  highly  toxic  to  pests  of  grain  stores.  To 
weevils  In  the  preimaglnal  stages  of  development  (for  all  stages  of 
development  Inside  grain)  It  Is  more  toxic  than  to  beetles  coming 
out  of  the  grain;  It  vioes  not  reduce  the  germlnabllity  either  of 
dry,  or  moist  (up  to  201)  seeds  -  of  naked,  filmy  cultures  and  corn; 

It  does  not  Impair  the  biochemical  properties  and  the  baking  qualities 
of  the  grain;  It  does  not  corrode  metals;  It  does  not  decompose 
rubber. 


According  to  the  All-Union  Grain  Scientific  Research  Institute, 
fumigation  of  grain  with  methylallyl  chloride  In  storehouses  not 
equipped  with  active  ventilation  results  In  the  following. 


When  the  height  of  the  bulk  grain  is  higher  than  1.5  m  the  fumi¬ 
gant  Is  supplied  Into  the  grain  through  gas-dlstrlbutlng  pipes,  which 
are  Introduced  in  the  same  manner,  as  In  fumigation  with  chloroplcrln. 

Bulk  grain  with  a  height  of  1.5  m,  and  also  piles  of  grain  in 
bags  are  fumigated  along  with  space  devoid  of  grain  through  holes 
In  the  doors  or  windows  of  the  storehouse;  the  fumigant  Is  also 
supplied  In  dlslnfestatlng  the  supra-grain  space  and  of  premises 
devoid  of  grain  through  holes  in  the  doors  or  windows  of  the  storehouses 
the  fumigant  Is  also  supplied  in  dlslnfestatlng  the  supra-grain  spacer 
and  of  premises  devoid  of  grain. 

It  Is  possible  to  fumigate  the  grain  of  gramineous  cultures 
destined  for  seed  or  food  purposes  with  a  humidity  of  not  more  than 
1655  when  the  temperature  of  the  grain  and  the  air  Is  not  lower  than 
12®. 

The  fumigant  is  fed  into  high  piles  of  bulk  grain  through  a 
ventilation  system.  In  dlslnfestatlng  low  piles  of  bulk  grain,  stock¬ 
piles  of  grain  and  premises  devoid  of  grain,  the  apparatus  operates 
according  to  a  fumigation  regime. 

The  dosages  of  the  preparation  are:  in  fumigating  bulk  grain 
higher  than  1.5  m  -  100  g  per  m^  of  grain;  in  fumigating  low  piles 
of  bulk  grain  and  stacked  bags  of  grain  -  50-60  g  per  m  of  volume, 
occupied  by  consignments  of  grain  and  premises  devoid  of  grain;  Into 
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the  supra-grain  space  there  Is  supplied  iO  g/m  with  complete  loading 
of  the  storehouse  and  ^0  g/m*^  with  incomplete  loading.  The  prepara¬ 
tion  Is  less  toxic  to  warm-blooded  animals  than  chloroplcrln. 

Napthalene 


Napthalene  Is 


H  H 
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Its  molecular  weight  Is  128,6.  It  Is  a  powder  of  crystalline 
form;  the  form  of  the  crystals  is  extermely  various  -  plate-like, 
spherical,  in  the  form  of  granules  and  so  forth.  Its  melting  point 
is  8l°;  its  boiling  point  is  217.9®.  The  specific  gravity  at  20° 
is  1.162.  Its  index  of  refraction  is  1.582.  The  vapor  pressure 
is  ^.92  X  10“^  mm  Hg  at  20°.  It  is  virtually  insoluble  in  water 
(about  30  rag/A  at  20°);  it  is  soluble  in  alcohol  (1  g  per  13  m  ), 
and  also  in  benzene,  toluene,  (1  g  per  8  ma)  chloroform,  carbon 
tetrachloride  (1  g  per  1.2  mi);  it  is  very  soluble  in  ether. 

When  ignited  it  burns  with  a  luminescent  and  smoking  flame; 
its  flash  point  is  79®.  It  possesses  a  unique  odor  and  a  burning 
taste. 

Napthalene  is  obtained  from  coal  tar  from  the  middle  oil  fraction 
the  tar  is  driven  off  at  170-240°.  Napthalene  is  isolated  by 
crystallization,  after  which  it  is  removed  from  the  liquid  impurities, 
then  It  is  purified  with  sulfuric  acid  and  by  steam  distillation. 

Of  100  meal  worm  egg,s  placed  in  an  atmosphere  saturated  with 
napthalene  vapors  8  larvae  hatch  out.  With  respect  to  the  eggs 
of  the  jonfi'.sed  flour  beetle  napthalene  is  approximately  10-14  times 
more  toxic  than  para-dlchlorobenzene.  Napthalene,  a  weak  insecticide, 
possesses  repellent  properties. 

It  is  Introduced  into  certain  mixtures  prepared  for  the 
extermination  of  insects;  more  frequently  it  is  used  as  an  agent 
against  moths  in  museums,  and  also  to  protect  fur  and  wool  articles 
from  damage  by  the  hide  beetle,  the  white-marked  spider  beetle  and 
other  Insects.  The  use  of  napthalene  after  articles  have  already 
been  contaminated  by  the  eggs  of  pests  is  in  many  cases  ineffective. 

Napthalene  possesses  antiseptic  properties,  which  cannot;  be 
widely  used  due  to  the  insolubility  of  the  preparation  in  water. 

Its  antiseptic  properties  appear  in  the  vaporous  state  -  air 
containing  napthalene  vapors  formed  by  its  volatilization,  inhibit 
the  development  of  mold  fungi  and  decay  bacteria.  Napthalene  can 
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be  absorbed  by  the  skin  of  man,  subcutaneous  tissue,  the  gastrolntes 
tlnal  tract,  and  also  by  the  lungs  when  Its  vapors  are  Inhaled 
(G.  S.  Nazarov). 


A  significant  amount  of  napthalene  vapors  In  the  air  can  cause 
headache,  nausea,  and  vomiting  In  man.  In  man  symptoms  of  poisoning 
with  napthalene  are  the  result  of  lesion  mainly  of  the  gastro¬ 
intestinal  tract,  the  klndeys  and  the  urinary  tract.  Furthermore, 
in  animals  and  man  eye  lesions  are  observed. 

Cats  are  very  sensitive  to  napthalene;  they  die  after  It  Is 
administered  at  a  rate  of  1-5  g/kg.  Dogs  after  the  administration 
of  3-5  g  per  kg  exhibit  only  diarrhea.  Por  therapeutic  purposes  (as 
a  vermifuge)  napthalene  is  prescribed  Internally  at  dosages  of  0.1- 
0.5  g  several  times  per  day. 


Ethylene  Oxide 


Ethylene  oxide  Is  C2H2JO. 


Its  molecular  weight  is  44,05.  At  normal  temperatures  It  Is 
a  colorless  gas.  At  temperatures  lower  than  12®  It  Is  a  volatile 
liquid.  Its  melting  point  is  111. 3®;  its  boiling  point  Is  10.7®. 

Its  density  Is  0.88;  this  gas  is  1  1/2  times  heavier  than  air. 

Its  specific  gravity  Is  1.3597.  The  vapor  pressure  Is  760  mm  Hg  at 
j.0.7®  and  1095  mm  Hg  at  20®.  At  25®  its  vapors  saturate  air  In 
an  amount  of  I800  mg/i.  It  burns  and  explodes  from  a  spark  with 
the  presence  In  air  from  3  to  B0%  ethylene  oxide.  It  Is  miscible 
with  water  In  any  amounts;  It  is  miscible  with  alcohol  and  with 
the  majority  of  other  organic  solvents.  It  Is  a  good  solvent  for 
fats,  oils,  lubricating  substances,  wax,  and,  also,  rubber.  It 
Is  relatively  noncorrosive  to  metals  and  It  does  not  damage  materials 
(with  the  exception  of  rubber).  It  Is  a  highly  reactive  compound;  It 
is  relatively  stable  In  aqueous  solutions.  It  possesses  a  pleasant 
Q  odor. 
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Ethylene  oxide  Is  obtained  by  the  decomposition  of  ethylene 
chlorohydrlne  or  by  the  direct  oxidation  of  ethylene  by  the  oxygen  of 
the  air  with  the  help  of  a  silver  catalyst.  In  the  latter  case 
there  are  formed  as  by-products  carbon  dioxide  and  water  (50)1). 

The  vapors  of  the  preparation  are  highly  toxic.  Containers  with 
ethylene  oxide  are  kept  tightly  closed. 

Ethylene  oxide  as  a  fumigant  possesses  high  insecticidal, 
ovlcldal,  bactericidal,  vlrullcldal  properties.  It  does  not 
damage  paper,  bank  notes,  documents,  fabrics,  polished  and  painted 
furniture  and  metals.  It  possesses  significant  diffuslblllty , 
penetrating  through  32  layers  of  fabric.  Because  ethylene  oxide 
burns  and  is  explosive,  it  is  used  in  a  mixture  with  80-90)8  carbon 
dioxide  and  10-20%  by  weight  of  ethylene  oxide.  When  ethylene  oxide 
is  used  to  dlsinfestate  in  a  tightly  closed  space  all  insects  are 
killed  by  a  dosage  of  90  g/m  .  The  mixture  ethylene  oxide  with  carbon 
dioxide  (1:9)  is  known  as  carboxide  and  the  mixture  ethylene  oxide 
with  freon  as  freoxlde. 

With  an  identical  molecular  proportion  of  methyl  and  ethylene 
oxide  the  effect  of  methyl  bromide  on  insects  (lice,  bugs)  is  more 
expressed  than  the  effect  of  ethylene  oxide.  When  a  mixture  of  both 
preparations  are  used  their  bactericidal  properties  are  increased. 

A  mixture  ethylene  oxide  and  methyl  bromide  is  more  economical  than 
the  use  of  only  methyl  bromide.  Thus,  when  methyl  bromide  is  used 
alone  approximately  3  1/2  times  more  of  it  is  required  than  when  it 
is  used  in  a  mixture  with  ethylene  oxide. 

The  vapors  ethylene  oxide  penetrate  well  into  dry  materials 
being  dislnfestated  and  they  readily  volatilize  from  them  upon 
airing. 

Abroad  it  is  used  to  exterminate  pests  of  various  stores  in 
premises  (vacuum  and  vacuumless  chambers),  in  siloes,  etc.  Seed 
and  planting  material  cannot  be  fumigated  with  ethylene  oxide. 

Bed  bugs  die  with  the  use  of  20  mg/i  of  ethylene  oxide,  an  exposure 
of  5  h,  at  a  temperature  of  25^  and  at  an  atmospheric  pressure  of 
760  nn  Hg. 
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Ethylene  oxide  Is  toxic  to  man  and  animals.  The  toxic  effect 
of  the  vapors  Is  proportional  to  the  concentration  and  the  time  of 
the  effect. 

The  high  volatility  of  ethylene  oxide  promotes  the  rapid 
liberation  of  the  gas  from  treated  objects.  Relatively  dry  objects 
are  treated  In  shorter  periods  of  time  than  highly  humid  (60-90Jf 
humidity)  ones. 

When  It  Is  not  possible  to  use  the  chamber  method  of  treating, 
disinfestation  and  disinfection  with  ethylene  oxide  are  conducted 
In  polyethlene  bags.  Such  treatments  are  conducted  only  In  the  open 
air  under  a  canopy.  Isolating  sites  for  the  Infestateql  and  dlslnfestated 
articles.  The  canopy  should  be  at  a  distance  of  25  m  from  habitable 
and  working  premises.  Before  loading  the  bags  are  checked  for  holes 
and  flaws;  they  are  not  loaded  to  more  than  2/3  of  their  capacity. 

Bags  with  a  two-layered  polyethylene  film  with  a  thickness  of 
from  0.035  to  0.2  mm  (high  pressure  film)  are  used. 

Bags  of  various  capacity  are  manufactured  (the  method  of 
splicing  them  together  Is  described  In  the  section  "Methyl  Bromide"). 

For  loading  90-95  kg  of  things  a  polyethylene  film  with  dimensions 
of  2.5  X  2  m  Is  used;  for  a  small  number  of  things  (15-18  kg)  a  bag 

with  the  dimensions  l4o  x  70  cm  Is  manufactured  with  a  capacity  of 
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0.1  m*^.  A  polyethylene  film  bag  with  careful  handling  and  storage 
can  be  used  up  to  15-20  times. 

In  loading  a  bag  the  pockets  of  clothes  are  turned  Inside  out 
and  Inflammable  objects  (matches,  cigarette  lighters,  combs,  specta¬ 
cles,  and  so  forth)  are  removed;  things  having  come  In  contact  with 
chloride-containing  preparations  or  other  strong  oxidizers  and  their 
solutions  are  decontaminated  after  2^  hours  of  airing. 

Ethylene  oxide  In  Its  gaseous  state  Is  Introduced  Into  a  bag 
from  a  cylinder  by  a  dosing  apparatus,  the  hose  of  which  Is  passed 
through  a  hole  left  In  the  bag.  Before  the  gas  Is  Introduced 
through  the  Indicated  hole  the  greatest  oosslble  amount  of  air  Is 


pressed  out.  In  order  to  obtain  as  much  space  as  possible  for  the 
gas. 

The  evaporation  of  ethylene  oxide  Involves  the  absorption  of 
a  large  amount  of  heat.  At  temperatures  below  +10.73°  the  formation 
of  gas  Is  virtually  Impossible,  therefore  to  accelerate  its  formation 
and  to  ensure  that  It  will  be  obtained  In  the  bag,  the  cylinder  with 
the  ethylene  oxide  is  heated  with  hot  water.  This  is  accomplished 
by  submerging  the  cylinder  In  a  vat  of  water  with  a  temperature  of 
70-80°;  bubbler  Is  placed  in  the  vat;  steam  Is  supplied  to  the 
bubbler  from  a  boiler  room  (from  a  boiler);  the  temperature  Is 
maintained  at  the  indicated  level  during  the  whole  period  of  the 
fumigation  process  by  regulating  the  amount  of  steam  going  into  the 
bubbler.  The  vapor  pressure  in  the  cylinder  is  controlled  by  the 
manometer  of  the  dosing  apparatus  mounted  on  the  cylinder;  the 
pressure  in  It  should  not  exceed  11  atm.  It  is  also  possible  to 
heat  the  ethylene  oxide  by  another  method  —  at  temperatures  lower 
than  0°  the  necessary  amount  of  liquid  ethylene  oxide  is  poured 
into  a  flask,  into  the  throat  of  which  is  inserted  a  rubber  plug 
with  a  glass  pipe;  the  flask  is  placed  in  a  pan  of  hot  water  with 
a  temperature  of  70-80°,  the  flask  is  connected  with  the  poly¬ 
ethylene  bag  containing  the  articles  by  a  rubber  tube. 

During  the  fumigation  process  the  workers  don  gas  masks,  robes, 
rubber  gloves,  and  boots.  Opening  of  the  bags  is  also  conducted 
in  gas  masks  with  type  A  filter  cannlsters;  their  airtightness  is 
checked  first.  The  things  are  thoroughly  aired  in  open  air. 

Ethylene  oxide  vapors  are  toxic  to  man  and  animals.  The  maximum 
permissible  concentration  in  working  premises  is  0.001  mg/i.  The 
short-term  stay  of  s  person  in  an  atmosphere  containing  vapors  of 
the  preparation  higher  than  the  permissible  concentration  (0.05-0.1 
mg/i),  causes  dizziness,  vomiting,  and  disturbance  of  cardiac 
activity.  Poisoning  by  inhalation  is  characterized  by  two  stages: 
the  first  is  purely  narcotic  with  a  moderate  local  irritation 
effect  and  the  second  arising  after  several  weeks  is  characterized 
by  a  toxic  effect  on  the  tissues.  Prolonged  inhalation  of  air 
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containing  small  amounts  of  ethylene  oxide  is  more  dangerous  than 
brief  inhalations  of  large  concentrations  of  this  substance.  The 
prolonged  action  on  human  skin  of  liquid  and  gaseous  ethylene  oxide 
causes  chemical  burns  with  the  appearance  of  blisters.  Especially 
sensitive  are  the  moist  sections  of  the  skin  (between  the  fingers 
and  the  toes,  the  armpit  region,  and  others). 

In  man  in  the  case  of  stay  of  10  minutes  in  an  atmosphere 
containing  ethylene  oxide  vapors  there  appear  vomiting,  a  sweet 
taste  in  the  mouth,  dizziness,  disturbance  of  cardiac  activity, 
which  can  last  for  several  weeks.  In  acting  on  the  human  eyes 
liquid  ethylene  oxide  causes  edema  of  the  corneas.  After  1  minute 
of  contact  with  ethylene  oxide  there  appear  within  1-5  hours  redness 
edema  small  bubbles,  which  vanish  after  6-12  hours.  In  severe  cases 
these  bubbles  turn  into  large  blisters. 

Para~Dl chlorobenzene 

Para-dichlorobenzene  is  CgH|^Cl2. 

Its  molecular  weight  is  1^7,01.  Its  crystals  have  a  white, 
pink,  or  brown  color.  It  possesses  a  specific  odor.  Its  melting 
point  is  53°;  the  boiling  point  is  17^°;  its  flash  point  is  67°. 

When  introduced  into  a  flame  it  first  melts,  and  then  burns  with 
a  yellow  flame  with  noticeable  green  tongues.  The  vapor  density  is 
6.11  g/i  at  20®;  the  vapor  density  with  respect  to  air  is  5.09. 

Its  vapor  pressure  at  20°  is  0.64  mm,  at  25°  —  1  mm  and  at  49°  — 

5.23  mm  Hg.  The  volatility  of  the  vapors  at  this  same  temperature 
is  38.3  mg/j,.  It  is  almost  insoluble  in  water  (79  mg/a  at  25°); 
it  dissolves  well  in  dlchloroethane,  benzene,  ether,  chloroform, 
carbon  tetrachloride,  and  kerosene.-  In  hot  water  at  temperatures 
higher  than  53°  it  melts  and  forms  a  transparent  fusion  on  the 
bottom  of  the  vessel. 
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Para-dlchlorobenzene  possesses  considerable  Insecticidal 
properties.  Its  vapors  kill  certain  insects  living  in  the  soil; 
house  fly  larvae  die  within  the  limits  of  50%  when  the  content  in 
1  kg  substratum  is  ^  g  of  the  preparation.  Para-dlchlorobenzene  is 
used  to  combat  the  clothes  moth  by  treating  software  in  a  chamber 
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or  in  premises  at  a  rate  of  100-120  g  per  1  m  .  To  protect  clothes 
from  moths  it  is  recommended  that  they  be  placed  in  polyethylene 
bags;  para-dlchlorobenzene  crystals  at  a  rate  of  300-^00  g  per  m'^ 
(volume  of  a  bag)  are  placed  in  gauge  socks  above  the  articles.  It 
is  not  recommended  that  they  be  placed  in  the  bottom  of  a  bag,  because 
they  can  soften  it.  The  clothes  are  arranged  loosely  in  the  bag  to 
ease  the  penetration  of  the  vapors  of  the  preparation.  When  extermina¬ 
ting  the  common  clothes  moth  the  bag  is  left  closed  at  least  for 
a  week,  and  when  exterminating  the  white-tip  clothes  moth  for  not 
less  than  10  days. 

Its  acute  toxicity  to  warm-blooded  animals  is  not  great.  When 
2562  mg/kg  are  administered  intraperitoneally  to  rats  50%  of  the 
animals  die.  When  2950  mg/kg  are  orally  administered  to  rats  a 
mortality  rate  of  50%  is  also  attained.  In  a  man  after  taking  20  g 
(300  mg/kg)  no  poisoning  symptoms  were  observed  at  all.  After 
the  administration  of  higher  doses  symptoms  of  intoxication  were 
noted. 


Pine  Oil 


Pine  oil  is  a  colorless  liquid  with  a  pleasant  odor  of  pine 
needles,  obtained  by  the  steam  distillation  of  fresh  branches  of' 
pine  trees;  it  is  volatile  even  at  room  temperature.  Its  specific 
gravity  is  0.952  at  a  temperature  of  15°.  Pine  oil  is  used  for 
the  disinfestation  of  clothes,  linen,  bed  appurtenances  and  for 
combating  head  lice.  For  the  disinfestation  of  linen  and  bed 
appurtenances  it  is  used  in  its  pure  form  and  in  the  form  of  a 
paste.  Treated  articles  retain  it  for  various  periods  of  time 
depending  on  the  ambient  temperature  and  the  amount  of  oil  used  - 
at  3-10°  and  oil  with  an  expenditure  of  20  g/kg  it  is  retained  for 
2k  hours;  at  10-25°  and  with  an  expenditure  of  10  g/kg  -  2^  hours; 
26®  and  higher  and  with  an  expenditure  of  15  g/kg  -  I6  h;  at  the 
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same  temperature,  but  with  expenditure  of  40  g/kg  the  articles 
retain  the  oil  for  5  h. 


As  was  pointed  out  above,  pine  oil  Is  also  used  to  combat  head 
lice.  In  treating  lousy  linen  a  paste  Is  used,  consisting  of  9  parts 
of  pine  oil  and  1  part  household  soap.  Prom  the  paste  2-5i*  aqueous 
emulsions  are  prepared.  Linen  Is  left  to  soak  In  the  2%  emulsion 
for  20  hours,  and  In  the  solution  for  2  h.  After  being  treated 
the  linen  Is  laundered  In  the  usual  manner. 


The  vapors  of  pine  oil  possess  Insecticidal  properties  with 

respect  to  files,  lice,  and  barn  pests.  They  can  be  used  to  combat 

•a 

flies  by  evaporating  the  pine  oil  at  a  rate  of  250-300  mg  per  1  m"^ 
of  space  and  with  an  exposure  of  1  1/2-2  h. 
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Pine  oil  upon  the  evaporation  of  107  mg/m  possesses  bactericidal 
properties  with  respect  to  microorganisms  disoersed  In  the  air 
(Staphylococcus  albus),  and  with  the  evaporation  of  12-24  g/m"^ 
it  is  bactericidal  with  respect  to  microbes  found  on  fabrics 
(Escherichea  coll  bacterium  and  Staphylococcus). 


Benzene  Polychlorides 


Benzene  polychlorides  are  by-products  of  anillne-dye  production; 
sometimes  they  are  called  distillation  residues.  Benzene  poly¬ 
chlorides  consist  of  9.33iJ  benzene,  34.8!{  chlorobenzene  and  36.56JI 
para-dlchlorobenzene .  The  polychlorides  are  oily  liquids  with  a 
dark  color  and  ‘^nzene  odor;  they  are  used  to  exterminate  the  prelmagl- 
nal  stages  of  mosquito  development.  Because  of  their  toxicity  to 
animals  and  man  they  are  not  used  to  treat  living  or  working  premises. 

Chloroplcrln 

Chloroplcrln  Is  CCI2NO2.  Synonyms:  trlchloronltromethane , 
nltrochloroform.  In  Its  pure  form  it  Is  a  colorless,  slightly 
mobile,  oily  liquid  with  sharp,  pungent  odor,  boiling  at  a  temperature 
of  112-113®.  Its  specific  gravity  Is  1.66  at  15®. 
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Usually  chloropicrln  has  a  yellow  color  due  to  Impurities.  It 
evaporates  well  at  normal  temperatures,  forming  Irritating  vapors 
with  a  characteristic  odor.  The  volatility  of  chloropicrln  at  0°  Is 
57.5  lag/l  at  10°  -  10^1  mg/a,  at  15®  -  126  mg/a,  at  20°  -  176  mg/a; 
when  the  temperature  Is  Increased  evaporation  is  significantly 
Increased.  Chloropicrln  vapors  are  5.7  times  heavier  than  air 
and  they  therefore  concentrate  down  In  depressions,  pits,  cellars, 
and  other  such  locations  (Berck).  Chloropicrln  Is  almost  insoluble 
In  water;  It  dissolves  well  In  ether,  alcohol,  etc.  One  volume 
of  ether  dissolves  about  0.3  of  a  volume  of  chloropicrln.  At 
ordinary  conditions  chloropicrln  is  not  inflammable  and  does  not 
react  with  metals;  It  softens  rubber,  but  it  does  not  impair  the 
strength  of  fabric. 

Chloropicrln  possesses  considerable  ability  to  penetrate  into 
porous  object  and  to  be  adsorbed  by  fabrics  (from  0.^  to  1.1%  by 
weight  of  fabric).  The  amount  of  adsorbed  chloropicrln  depends  on 
the  type  of  fabric.  Chloropicrln  vapors  penetrate  only  slightly 
Into  the  depth  of  bulk  grain;  they  are  adsorbed  by  it  and  are  difficult 
to  air  out  of  It. 

It  possesses  certain  antiseptic  properties:  20-30  mg  per  % 
inhibit,  and  50-60  mg  stop  milk  fermentation.  Chloropicrln  In  an 
amount  of  12.8  mg/m'^  disinfects  strips  of  paper,  on  which  typhoid, 
paratyphoid,  and  plague  bacilli  have  been  deposited.  It  is  necessary 
to  note  that  In  a  guinea  pig  corpse  which  died  from  chloropicrln  and 
which  was  Infected  with  plague,  the  bacilli  of  the  latter  remained 
viable.  To  destroy  staphylococcus  high  concentrations  of  chloropicrln 
vapors  and  prolonged  exposures  (20  h)  are  necessary.  Increasing 
the  temperature  to  38°  Increases  the  bactericidal  properties  of 
chloropicrln  by  almost  2  times. 

Chloropicrln  possesses  high  Insecticidal  properties.  Cockroaches 
die  from  somewhat  higher  concentrations  than  bugs. 

The  eggo  of  bugs  die  earlier  than  the  larvae  and  the  adult 
bugs.  With  an  Insufficient  quantity  of  chloropicrln  (4-5  g/m-^) 
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lesions  In  bugs  of  the  piercing  and  sucking  apparatuses  are  possible 
which  lead  to  the  death  of  the  Insects  (Ya.  L.  Okunevskly). 
Chloroplcrln  possesses  sufficient  toxicity  with  respect  to  insects: 
It  penetrates  deeply  Into  fabric,  and  thus  can  be  used  In 
disinfecting  foci  of  exanthematic,  recurrent  typhus  and  plague.  It 
Is  used  to  treat  premises  intended  for  the  storage  of  agricultural 
products  and  premises  In  which  products  are  prepared  (factory- 
kitchens,  bakeries,  dining  rooms,  grinding  mill,  grit  and  groat 
plants,  elevators,  cellars  of  various  storehouses,  and  so  forth). 

It  Is  used  to  treat  museum  treasures  Infested  with  pests,  packing, 
grain  bags,  things  subject  to  prolonged  storage  In  pawnshops  and 
storehouses,  Isolated  habitable  premises,  barracks,  caserns,  huts, 
mud-huts  Infested  with  fleas,  cockroaches  and  other  Insects. 
Chloroplcrln  Is  used  for  the  disinfestation  of  food  grain  intended 
for  prolonged  storage,  for  the  disinfection  of  seed  consignments, 
peas,  beans.  The  humidity  of  grain  fumigated  with  chloroplcrln  and 
with  a  mixture  of  dichloroethane  with  chloroplcrln  should  not  be 
greater  than  15% • 


Chloroplcrln  Is  not  only  used  for  disinfestation,  but  also  for 
deratization.  The  fumigation  of  premises  should  be  conducted  at 
a  temperature  of  not  lower  than  18®.  The  dlsinfestatlonal  effect  Is 
intensified  by  increasing  the  temperature  of  the  premises  being 
treated.  Operations  with  chloroplcrln  are  conducted  in  the  warm 
season  at  a  temperature  not  lower  than  12®,  and  the  carrying  out  of 
such  operations  Is  prohibited  in  damp,  rainy  weather  because  of  the 
difficulty  of  defumlgatlng  premises  under  these  conditions.  The 
amount  of  chloroplcrln  necessary  to  treat  premises  Is  determined  by 
proceeding  from  the  fact  that  for  the  creation  of  concentrations 
of  gas  of  0.1!^  per  m  it  Is  necessary  to  evaporate  4.5  mt  (7.4?  g). 
Usually  In  dlsinfestatlonal  and  deratizatlonal  practice  a  concentra¬ 
tion  of  0.6%  chloroplcrln  -  37  mt  (45  g)  per  m^  Is  used.  The  exposure 
Is  20-48-72  h.  As  a  result  of  the  application  of  a  concentration 
of  1-2  ml  per  rats  die  after  25  hours.  The  higher  the 
concentration,  the  faster  death  ensues;  thus,  with  20  mt/m^  the  rats 
die  within  13  minutes,  and  with  30  rai/m^  -  within  10  minutes 
(Ya.  L.  Okunevskly).  A  reliable  Insecticidal  effect  can  be  obtained 
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with  an  expenditure  of  30-35  g  (20-25  mA)  of  chloropicrin  per 

of  space.  In  treating  preMises  which  are  not  very  airtight,  the 
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preparation  dose  is  increased  to  50  mi  per  m  . 

The  technology  of  working  with  chloropicrin  is  very  simple: 
sacking  is  soaked  in  chloropicrin  and  hung  on  ropes  in  the  premises 
to  be  fumigated.  When  using  the  sacking  it  is  necessary  to  see 
that  the  chloropicrin  does  not  fall  into  the  cellar  or  even  on  the 
floor. 

When  gas  treating  cellars  of  storehouses,  in  which  there  is 
no  grain,  the  chloropicrin  is  Introduced  through  openings  of  the 
floor  boards.  In  storehouses  loaded  with  grain  or  turfy  products 
chloropicrin  is  introduced  into  the  cellars  with  bags  soaked  in 
this  poison  and  fastened  to  posts,  through  vents,  which  after  this 
are  closed  tightly.  In  both  cases  chloropicrin  is  introduced  into 
the  cellars  at  a  rate  of  5  g  per  m  [sic]  of  floor  or  cellar  area. 

Besides  the  described  methods,  chloropicrin  is  evaporated  from 
heated  surfaces  located  on  a  water  or  sand  bath.  As  also  with  the 
use  of  sulfur  dioxide,  the  dlslnfestational  effect  depends  on  the 
rate  of  saturation  of  the  air  of  the  premises  with  chloropicrin. 

For  the  fastest  evaporation  from  the  heated  surfaces  the  thickness 
of  the  preparation  layer  should  not  exceed  0.5-0. 6  cm,  and  the  temp¬ 
erature  of  the  surface  being  evaporated  should  be  about  90® ,  since 
chloropicrin  even  at  the  boiling  point  of  water  starts  to  be 
decomposed.  It  is  possible,  finally,  to  Introduce  chloropicrin 
in  the  premises  with  the  use  of  apparatuses.  Chloropicrin  is  also 
used  in  chamber  disinfestation. 

In  connection  with  the  danger  presented  by  chloropicrlnlzation 
of  premises,  the  carrying  out  of  such  operations  is  permissible  only 
in  individual  Isolated  buildings,  and  not  in  individual  parts  of 
them.  The  premises  being  treated  should  not  be  less  than  a  distance 
of  100  m  from  living  quarters.  During  the  whole  time  of  treatment 
the  premises  should  be  sealed  and  guarded  by  a  full-time  attendant. 
During  fumigation  the  output  of  gas  should  be  carried  out  in  such 


manner,  that  It  does  not  form  a  large  gas  wave.  Not  less  than  24 
h  is  required  for  defumigation.  The  fumigation  Is  considered 
completed.  If  a  subsequent  stay  In  the  closed  premises  of  1-2  h 
does  not  cause  Irritation  of  the  eyes  and  lacrimation;  In  the  opposite 
case  the  airing  Is  continued  for  1-2  more  days. 

When  it  gets  Into  cellars  and  burrow,  chloropicrln  causes  the 
death  of  rodents,  and  the  traces  of  it  remalninr^  there  for  a  prolonged 
period  of  time  repel  rodents.  Fissures  and  apertui'es  In  a  cellar 
after  fumigation  for  deratization  should  be  carefully  sealed,  so 
that  chloropicrln  residua  cannot  volatilize  into  the  premises. 

Chloropicrln  finds  application  under  field  conditions  In 
treating  rodent  burrows,  where  in  the  burrow  it  kills  not  only 
rodents,  but  also  the  fleas  parasitizing  them.  The  assault  Is 
carried  out  by  wetting  t'impons  In  chloropicrln  (3  g)>  packing  them 
Into  burrows  and  subsequently  trampling  the  hole. 

The  most  characteristic  property  of  chloropicrln  is  Its  irritating 
effect  on  the  cornea  of  the  eyes,  which  appears  even  with  the  presence 
of  100  mg/m*’  of  air.  Higher  concentrations  causes  coughing,  nausea, 
vomiting,  and  death.  In  Its  liquid  form  chloropicrln  can  affect  the 
skin  and  cause  ulcerations  on  it.  Cats,  dogs,  and  other  animals  aire 
sensitive  to  the  preparation;  they  die  withjn  15  minutes  in  the 

O 

presence  of  1,8  g/m  .  For  man  a  dose  of  1.5  g  of  chloropicrln  oer 
3 

m  acting  for  15  minutes  is  fatal. 

A  mixture  of  dlchloroethane  with  chloropicrln.  To  increase  the 
effectiveness  of  the  action  of  dlchloroethane  on  grain  pests  and 
to  decrease  the  dosage.  It  Is  used  in  a  mixture  with  chloropicrln. 

For  fumigating  grain  the  mixture  Is  prepared  beforehand  or  dlchloro¬ 
ethane  and  chloropicrln  are  Introduced  separately.  When  disinfecting 
premises  It  Is  expedient  to  first  Introduce  dlchloroethane,  and 
then  to  add  chloropicrln,  hanging  the  bags  soaked  In  It  In  places 
most  Infested  with  the  pests  (near  walls,  poles,  etc.). 
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The  mixture  of  dlchloroethane  with  chloroplcrln  Is  used  to 
dlslnfestate  food  grain  and  bean  cultures,  with  the  exception  of 
soya,  corn,  flour,  grits,  and  groats,  scarlous  cultures  (barley, 
oats,  millet,  and  so  forth),  and  also  seed  grain,  except  beans. 

This  mixture  Is  used  to  dlslnfestate  empty  granaries,  cellars, 
packing,  railroad  car  and  warehouse  pallets,  and  also  to  dlslnfestate 
grain  elevators  and  grinding  mills,  grits  and  groat  factories, 
towed  and  self-propelled  barges  of  the  marine  and  river  fleet. 

The  moisture  content  of  grain  fumigated  with  a  mixture  of 

dlchloroethane  and  chloroplcrln  should  be  not  higher  than  15^.  In 

fumigating  grain  stored  In  storehouse  the  expenditure  of  the  mixture 

(at  a  ratio  of  12:1)  Is  equal  to  120-170  g  per  m^  of  grain;  In 

fumigating  empty  storehouses  and  supra-graln  spaces  -  ^0-60  g  per 
3 

m  of  apace. 

For  the  fumigation  of  grain  a  mechanized  method  is  employed 
(using  apparatus  for  active  fumigation  and  defumigation),  pipe- 
probes,  and  also  the  evaporation  of  fumigants  from  bags  soaked  in 
them.  A  mechanized  method  using  special  apparatuses  is  employed 
when  fumigating  with  chloroplcrln,  dlchloroethane  and  a  mixture  of 
chloroplcrln  with  dlchloroethane  when  the  height  of  the  bulk  grain 
Is  from  1  to  ^  m.  Pipe-probes  are  used  in  fumlcP.tlng  grain  with 
chloroplcron  when  the  height  of  the  bulk  grain  Is  0.75  m  and  with 
dlchloroethane  or  Its  mixture  with  chloroplcrln  -  higher  than  1  m. 

The  method  of  fumigating  with  sacks  soaked  in  chloroplcrln  and 
dlchloroethane  Is  used  In  disinfecting  bulk  grain  when  the  piles 
are  not  higher  than  0.75  m. 

The  exposure  when  fumigating  grain  with  dlchloroethane,  chloro- 
picrln  or  their  mixture  Is  7-8  days;  the  exposure  when  fumigating 
empty  storehouses  Is  2-3  days. 

Hydrocyanic  Acid 


Hydrocyanic  acid,  hydrogen  cyanide  (prussic  acid,  HCN),  Is 
a  colorless  liquid  with  a  specific  gravity  of  0.696;  It  Is  almost 


2  times  lighter  than  water.  Pts  boiling  point  Is  25.6®;  Its 
melting  point  Is  13.8®.  The  weight  of  1  l  Is  1.206  g.  Its  vapor 
pressure  at  13°  Is  ^27  mm  Hg.  A  liter  of  hydrocyanic  acid  forms  833 
i  of  gas  at  0°  and  at  a  pressure  of  760  mm  Hg.  Its  vapors  are 
lighter  than  air  (1  i  of  air  weighs  1.230  g),  and  therefore  It 
rises,  however  a  mixture  of  hydrocyanic  acid  vapors  and  air  Is  only 
Insignificantly  lighter  than  air.  The  HCN  has  a  typical  odor  of 
bitter  almonds.  Hydrocyanic  acid  Is  miscible  with  water,  ether, 
and  alcohol. 

For  combating  plant  pests  of  agriculture  hydrocyanic  acid  was 
proposed  In  Russia  In  1906,  and  for  combating  Insects  and  rodents  - 
carriers  of  Infectious  diseases  —  In  1915  (V.  A.  Uglov,  P.  Q. 
Oganesyants,  and  others). 

For  fumigating  vessels  for  purposes  of  disinfestation  hydro¬ 
cyanic  acid  was  first  proposed  In  Germany  in  1910,  in  the  USSR  — 

In  1929. 

Hydrocyanic  acid  is  sold  In  steel  cylinders  or  sorbed  In  the 
form  of  tslklon  A  and  B.  The  salts  of  hydrocyanic  acid  also  find 
applica‘;lon  In  practice. 

Tslklon-A  Is  a  liquid  mixture  of  90X  methyl  and  ethyl  esters 
of  cyanocarbonlc  acid  and  10,<  chloroearbonlc  acid  ester  (stabilizer) 
and  xylene  bromide  (warning  component).  It  is  a  stable  liquid  with 
a  specific  gravity  of  1,08.  The  toxicity  of  tslklon  Is  2/3  the 
toxicity  of  hydrocyanic  acid.  The  preparation  Is  contained  In  special 
vessels  and  Is  under  a  pressure  of  6-10  atm.  Ts^klon-A  Is  sprayed 
Just  like  liquid  hydrocyanic  acid.  This  .»reparation  Is  Inconvenient 
In  practice  and  was  long  ago  replaced  by  tslklon-B. 

Tslklon-B  Is  infusorial  earth  saturated  with  hydrocyanic  acid 
with  a  warning  compound  added.  The  hydrocyanic  acid  content  in 
tslklon-B  is  up  to  35-^OX.  As  warning  components  bromide  and 
chloride  compounds  possessing  a  lacrlmatlng  effect  are  added  to 
hydrocyanic  acid.  Tslklon-B  Is  packed  ir  airtight  metal  cans. 
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As  an  absorber,  besides  Infusorial  earth,  cardboard  is  also 
used.  This  preparation  -  tsiklon-diskoiii  -  consists  of  cardboard 
disks  with  a  diameter  of  about  92  mm  and  with  a  thickness  of  3.5  mm 
Impregnated  with  hydrocyanic  acid  with  the  addition  5if  chloropicrin 
(as  a  warning  component).  Each  disk  contains  7*5  g  of  liquid 
hydrocyanic  acid.  In  treating  premises  they  are  expended  at  a  rate 
of  one  disk  per  m^,  from  there  will  be  formed  about  6  4  of  hydrogen 
cyanide,  which  is  at  0.6?  concentration.  The  disks  are  packed  in 
metal  cans  with  70  disks  in  each  can;  thus,  each  can  contains  about 
500  ran  of  hydrocyanic  acid.  For  absorption  of  hydrocyanic  acid  Just 
paper  pulp  is  used,  which  like  the  disks,  are  also  packed  in  metal 
cans;  each  of  which  contains  about  1.2  i  of  hydrocyanic  acid. 

Black  cyanide  la  a  solid  converted  into  a  powder  with  a  grayish- 
brown  color,  having  a  slight  odor  of  bitter  almonds.  The  composition 
of  black  cyanide  is  cyanide  salts  with  calcium  chloride.  Furthermore, 
the  preparation  also  contains  salts  containing  admixtures  of  calcium 
oxide,  a  small  quantity  of  carbon,  calcium  carbide,  cyanamlde  and 
others . 

According  to  the  technical  specifications,  black  cyanide  of 
the  first  and  second  type  should  contain  upon  conversion  to  sodium 
cyanide  42-47)5  cyanide,  2%  calcium  carbide,  0.4-0.7i(  sulfur,  and 
4)5  carbon. 

Black  cyanide  occurs  in  three  formis:  a)  flaky,  b)  powdery,  and 
c)  dust- like  forms. 

In  combating  the  pests  of  grain  stores  powdery  black  cyanide 
is  most  frequently  used;  it  yields  hydrocyanic  acid  more  rapidly 
and  more  completely.  The  size  of  each  particle  of  the  preparation 
Intended  for  combating  Insects  and  rodents  should  be  from  5  to  0.5  mm; 
not  more  than  2.5)5  of  the  product  with  a  particle  size  of  more  than 
5  nan  and  not  more  than  30)5  of  the  product  with  a  particle  size  of 
less  than  0.5  non  is  permitted. 

When  using  black  cyanide  for  fumigation  the  relative  atmospheric 
humidity  should  not  be  less  than  70)5.  Black  cyanide  under  the 


Influence  of  the  moisture  and  carbon  dioxide  of  the  air  yields 
hydrocyanic  acid;  due  to  the  action  of  water  it,  furthermore,  yields 
acetylene.  Black  dyanlde  Is  used  to  dlsinfestate  naval  vessels, 
mills,  grit  and  groat  plants,  and  elevators. 


Hydrocyanic  acid  possesses  great  penetrability  for  fabrics, 
food  products,  and  porous  materials  (pillows,  mattresses,  cotton, 
wood,  brick,  concrete,  plaster)  (V.  A.  Uglov,  P.  G.  Oganesyants) , 

It  is  also  possible  to  get  an  Idea  of  the  high  penetrability  of 
hydrocyanic  acid  by  the  effect,  which  its  vapors  have  on  insects 
placed  under  32  layers  of  woolen  blankets  and  between  tightly  Joined 
mattresses  (Ya.  L.  Okunevskly). 


Soft  and  hard  articles  readily  absorb  hydrocyanic  acid.  With 
a  concentration  In  the  air  of  2.5?  hydrocyanic  acid  and  an  exposure 
of  2^  h  its  content  in  100  g  of  substance  depends  upon  the  object 
(hard  or  soft  articles)  and  can  be  from  2  mg  (rubber)  up  to  126  mg 
(wet  straw);  wool  flannel  holds  7^.^  mg,  crepe  de  chine  -  l4  mg,  linen 
fabric  -  13.6  mg.  The  absorption  depends  on  the  air  temperature: 
when  the  temperature  is  low  the  absorption  of  the  gas  by  the  articles 
is  increased;  when  the  temperature  increases  the  degree  of  gas 
absorption  drops. 


The  ability  of  hydrocyanic  acid  to  penetrate  into  the  depth 
of  articles  and  through  cracks  and  fissures  ensures  positive  results 
in  fumigation,  but  it  also  creates  at  the  same  time  difficulties 
in  making  premises  airtight. 


Because  of  the  high  toxicity  of  gaseous  hydrocyanic  acid  warning 
component  is  sometimes  added  to  it,  which  makes  known  when  dangerous 
amounts  of  it  are  present  in  the  air.  As  warning  components  there 
are  used  compounds,  which  possess  an  acute  odor  or  which  irritate 
the  mucous  membranes  of  the  eyes  (lacrlmators ) ,  nose,  or  upper 
respiratory  tract  (chloroplcrln,  cyanogen  chloride  or  methylether 
of  formic  acid).  It  has  been  established  that  an  irritating  substance 
Intensifies  the  respiration  of  insects,  and  consequently  the  action 
of  hydrocyanic  acid  also. 
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Hydrocyanic  acid  possesses  weak  bactericidal  properties. 


The  favorable  temperature  for  the  application  of  hydrocyanic 
acid  is  15°  but  not  lower  than  10-11°;  bugs  and  lice  at  low 
temperatures  are  resistant  to  hydrocyanic  acid.  Thus,  at  a  temperature 
of  5-6°  lice  can  survive.  Clothing  and  food  products  should  be 
treated  dry;  if  considerable  humidity  is  noted,  then  clothing  should 
be  dried  before  treatment.  The  acid  properties  of  hydrocyanic  acid 
are  very  weakly  expressed  (it  barely  colors  litmus);  this  is  why 
the  gas  does  not  damage  fumigated  articles.  When  hydrocyanic  acid 
is  used  to  treat  a  part  of  any  building  or  object  it  is  necessary 
to  get  all  the  tenants  out  of  the  building.  Premises  being  treated 
should  be  at  a  distance  of  not  less  than  25  m  from  neighboring 
premises.  Weather  conditions  are  also  taken  into  consideration. 

On  rainy,  foggy,  and  windless  days  it  is  better  not  to  carry  out 
treatment  of  premises. 

The  personnel  conducting  the  woi’k  should  be  qualified  and 
prepared  in  this  field.  Cyanldation  should  be  directed  by  an 
experienced  physlclan-dlsinfectlonalist  or  other  specialist  knowing 
cyanldation;  the  work  is  conducted  in  special,  carefully  checked 
masks.  Wlien  working  with  hydrocyanic  acid  it  is  necessary  to  have 
proper  protective  oxygen  apparatuses.  A  continuous  stay  in  a  gas 
mask  with  an  atmosphere  with  an  admixture  of  hydrocyanic  acid  of 
longer  than  30  minutes  is  not  allowed.  After  this  the  cyanide  workers 
have  a  break,  staying  in  pure  air  for  not  less  than  15  minutes. 
Resumption  of  work  is  allowed  only  with  the  permission  of  a  physician 
who  is  present  during  the  process  of  cyanldation  of  the  premises. 

For  the  purpose  of  greater  personal  safety  in  fumigating  ships 
cyanide  workers  do  not  work  alone,  but  in  groups  of  2-3  persons. 

Before  fumigating,  food  products,  beverages,  drugs,  bandaging 
material,  tobacco,  photographic  plates  preserved  in  nonalrtight 
packing  are  removed  from  the  premises. 

The  concentration  of  gas  (in  volume  percents)  for  practical 
purposes  can  vary,  but  should  not  be  higher  than  2%.  Concentrations 


of  0.25-11  are  most  frequently  usedj  In  rare  cases  It  is  brought 
to  2%.  Prom  the  Indicated  concentration  the  flour  and  common  clothes 
mole,  mites,  ticks,  bugs,  lice,  and  flies  die.  The  higher  the 
concentration  of  hydrocyanic  acid  the  less  time  is  required  for 
disinfestation.  Usually  for  disinfestation  a  155  concentration  by 
volume  and  an  exposure  of  6-12  h  are  sufficient,  and  for  deratization 
the  amount  of  gas  can  be  decreased  to  0.4-0.555  and  the  exposure  to 
3  h.  In  the  latter  case  cellars  and  other  places,  where  rodents 
nest,  are  opened  to  allow  the  gas  to  get  Into  them;  one  should  consider 
that  In  fumigating  loaded  steamers  the  mortality  rate  of  rats  at 
155  concentration  reaches  8055  . 

When  the  air  In  premises  is  saturated  with  a  large  amount  of 
hydrocyanic  acid  an  explosion  can  occur.  The  lowest  limit  of 
exploslvlty  Is  with  an  855  content  of  hydrocyanic  acid,  the  highest  - 
with  36.556.  However  under  conditions  of  fumlgatlonal  practice  the 
concentration  of  hydrocyanic  acid,  vapors  in  the  air  is  usually 
not  more  than  1-555  . 

The  whole  process  of  cyanldatlon  and  defumlgatlon  of  a  building 
or  vessel  should  not  last  more  than  21  hours.  Practice  has  shown 
that  with  good  work  organization  and  qualified  cadres  of  cyanide 
workers  a  treatment  can  be  completed  In  16-17  h  when  using  tslklon-B 
or  in  22-23  h  when  using  black  cyanide.  The  approximate  allocation 
of  time  is  as  follows:  preparation  of  the  building  or  vessel  —  1  1/2- 
2  h;  dispersed  of  the  preparation  —  30-45  rain;  exposure  -  6-12  h; 
defumlgatlon  -  8-9  h  (of  these:  preliminary  airing  —  30-45  min;  cleaning 
up  30-60  min;  final  airing  -  4  h;  bezldlne  test  —  1  h;  biological 
monitoring  —  2  h). 

In  working  with  tslklon-B  for  the  production  of  a  155  concentration 
of  hydrocyanic  acid  28  g  of  the  preparation  are  used  (with  the 
presence  in  it  of  4055  hydrocyanic  acid),  and  for  the  production  of 
0.4-0.555  concentration  -  11.2-14  g  per  m  of  the  premises  being 
fumigated.  The  calculated  number  of  Jars  is  obtained  and  placed  on 
the  floor  of  the  premises  to  be  treated.  They  are  opened  and  their 
contents  are  quickly  poured  out  on  the  floor;  the  workers  immediately 
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leave  the  premises  being  fumigated  quickly  closing  the  doors  behind 
them  and  they  then  plug  up  cracks  with  prepared  materials.  Tsiklon 
within  10-15  min  yields  the  basic  amount  of  hydrocyanic  acid,  and 
the  residua  continue  to  give  it  off  for  about  2  more  hours  (up  to 
a  saturation  of  99.80  into  the  air  of  the  premises.  After  the 
expiration  of  the  assigned  time  the  premises  are  aired  out.  The 
harmless  residue  (dlatomite)  remaining  on  the  floor  is  swept  up 
after  completion  of  fumigation. 

Several  methods  exist  for  the  application  of  block  cyanide. 

The  pot  method  is  used  with  granulated  black  cyanide.  A  measured 
amount  of  black  cyanide  is  poured  into  a  pot  or  into  a  thick  wooden 
box  (the  bottom  is  15  15  cm,  the  height  is  20  cm,  the  top  is  20  x  20 

cm)  and  placed  in  the  chamber.  Through  a  tube  inserted  through  a 
wall  of  the  chamber  an  equal  amount  of  10$  sulfuric  acid  is  poured  into 
the  pot;  as  a  result  of  the  Interaction  of  sulfuric  acid  and  black 
cyanide  hydrocyanic  acid  is  violently  given  off.  This  method  is 
used  to  fumigate  in  chambers  or  to  treat  premises  with  a  large  cubic 
volume,  when  the  expenditure  of  black  cyanide  is  not  less  than 
200  g,  because  with  the  use  of  smaller  quantities  complete  reaction 
does  not  occur.  It  is  also  not  possible  to  use  500  g  at  one  time 
one  pot,  since  the  preparation  foams  violently  and  throws  the  reacting 
mass  on  the  floor.  Black  cyanide  is  placed  in  a  pot  in  a  5-8  cm  layer; 
the  layer  should  not  exceed  1/4  the  height  of  the  pot.  The  remainder 
of  decomposed  black  cyanide  after  fumigation  is  first  neutralized, 
forming  a  suspension  of  iron  vitriol  and  slaked  lime  at  a  rate  of 
6  parts  by  weight  of  iron  vitriol  and  3  parts  by  weight  of  slaked 
lime  per  each  part  by  weight  of  black  cyanide;  all  of  this  is  burled 
in  a  pit  at  a  depth  of  0.5-1  m  so  that  the  mixture  does  not  get 
washed  out  by  the  rain,  since  these  residua  without  neutralization 
may  cause  the  death  of  agricultural  plants  or  animals. 

It  is  possible  to  apply  black  cyanide  by  scattering,  in  this 
case  finely  ground,  dust-like  black  cyanide  is  used.  Drums  with  the 
required  amount  of  the  preparation  are  brought  into  the  premises , 
the  black  cyanide  is  scattered  in  a  thin  layer  with  a  thickness  of 
1-2  mm  on  sheets  of  plywood,  on  paper  or  on  the  floor  at  a  rate  of 
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70-100  g/m  ,  which  creates  a  concentration  of  hydrocyanic  acid  of 
about  1.17iK  by  volume.  Prom  the  powder  hydrocyanic  acid  Is  given 
off  by  the  action  of  the  air,  and  also  of  the  moisture  of  the  surface, 
where  the  black  cyanide  was  scattered.  The  preparation  gives  off 
hydrocyanic  acid  more  completely  with  a  relative  humidity.  In  the 
premises  of  80-100JI{  and  a  temperature  of  15-25®.  In  order  to 
accelerate  the  decomposition  of  black  cyanide  the  air  Is  moistened 
by  spraying  small  quantities  of  water  from  a  hand  sprayer  or  by 
hanging  up  wet  burlap.  After  airing  of  the  premises  thje  residua  of 
black  cyanide  are  carefully  gathered  up  and  treated  with  unslaked 
lime. 


For  the  production  of  hydrocyanic  acid  sodium  cyanide  or  potassium 
cyanide  are  also  used. 


The  pouring  of  the  black  cyanide,  and  also  the  pouring  of  the 
chloroplcrln  Into  shallow  dishes  Is  carried  out  in  the  open  air  or 
in  well  ventilated  premises  in  [BN]  (BH)  gas  masks  when  working 
with  chloroplcrln  and  In  B  gas  masks  when  working  with  black  cyanide; 
the  workers  should  wear  gloves  and  aprons  with  breast  plates. 


When  working  with  chloroplcrln  and  black  cyanide  in  the  open 
air  the  workers  should  be  positioned  in  such  a  manner  that  the 
poisonous  vapors  do  not  come  In  contact  with  them  (is  not  blown 
against  them  by  the  wind). 


After  taking  the  black  cyanide  from  the  can,  and  the  chloroplcrln 
from  the  barrels  these  vessels  should  be  tightly  closed.  When  black 
cyanide  is  stored  for  a  long  time  In  a  can,  which  is  frequently 
used,  the  can  should  be  sealed  up  each  time. 


The  application  of  liquid  hydrocyanic  acid  Is  a  convenient  way 
of  using  hydrocyanic  acid.  Hydrocyanic  acid  Is  released  In  the 
necessary  calculated  amounts  from  the  steel  cylinders.  In  which  It 
Is  contained. 
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Defumlgatlon  Is  carried  out  by  airing  through  one  of  the  windows 
for  12-2k  h;  2  hours  after  opening  this  window  the  personnel,  who 
treated  the  premises  enter  In  masks  and  open  a?.l  the  remaining 
windows.  In  multl-storled  buildings  defumlgatlon  Is  begun  on  the 
lower  floors.  Soft  articles  are  carried  outside  and  beaten  out 
or  cleaned  with  vacuum  cleaners.  When  fumigated  articles  are  aired 
out  for  6-8  h  from  50  to  90^  of  the  absorbed  hydrocyanic  acid  Is 
removed.  Mechanical  beating  of  the  articles  for  15  minutes  after  the 
preliminary  airing  lowers  the  hydrocyanic  acid  content  by  25<,  and 
vacuum  cleaner  treatment  for  7  min  -  by  15% •  To  accelerate  the 
defumlgatlon  the  premises  are  heated  and  ammonia  and  formaldehyde 
are  also  used.  The  Introduction  of  formaldehyde  Is  carried  out 
with  an  apparatus  Intended  for  this  purpose,  and  defumlgatlon  most 
completely  occurs  with  the  introduction  of  a  double  amount  of  40$ 
formalin  In  proportion  to  the  amount  taken  for  cyanldatlon  of  the 
salt.  The  floor  Is  rubbed  with  mops  soaked  In  a  5%  solution  of  iron 
vitriol.  All  this  Is  done  In  gas  masks.  The  moving  of  the  people 
back  Into  the  premises  Is  permitted  after  24  hours  of  airing. 

Hydrocyanic  acid  finds  application  In  the  cyanldatlon  of  railroad 
cars  In  hangars  or  In  open  areas.  The  cyanldatlon  of  passenger 
railroad  cars  In  a  hangar  has  a  great  advantage  over  cyanldatlon 
outside  a  hangar  on  open  fumigated  tracks  with  respect  to  the 
concentration  and  exposure  of  the  gas  used,  the  period  of  defumlgatlon 
and  the  ensuring  of  safety  measures.  In  cyanldating  passenger 
railroad  cars  In  hangars  the  concentration  of  hydrogen  cyanide  is 
lowered  as  compared  to  the  open  method  of  cyanldatlon;  the  exposure 
is  reduced;  the  period  of  fumigation  and  thereby  the  amount  of 
gas  ejected  Into  the  atmosphere  Is  lowered. 

Cyanldatlon  Is  carried  out  with  liquid  hydrocyanic  acid,  which 
Is  obtained  from  factories  In  cylinders  with  siphons  and  without 
siphons.  Prom  cylinders  without  siphon  tubes  liquid  hydrocyanic 
acid  can  be  obtained  by  simply  pouring  it  through  a  fitting,  for 
which  the  cylinder  Is  tilted  at  a  45®  angle  with  the  valve  downwards. 
Prom  a  cylinder  with  siphon  tubes  reaching  down  to  the  bottom  of 
the  cylinder,  the  liquid  acid  Is  obtained  through  a  siphon  tube  due 
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to  its  vapor  pressure  on  the  liquid  from  above,  which  is  achieved 
by  heating  the  cylinder.  For  this  the  cylinder  Is  placed  In  a 
vessel  with  water  at  a  temperature  of  50-70°. 


The  dosage  of  hydrocyanic  acid  is  determined  by  the  weight 
method  on  ordinary  medical  scales.  A  cylinder  with  liquid  hydrocyanid 
acid  is  placed  on  themj  the  scales  are  balanced,  and  then  the  weight 
index  is  moved  to  the  assigned  amount,  designated  to  be  removed  from 
the  cylinder. 

To  withdraw  the  gas  the  disinfector  in  a  gas  mask  and  rubber 
gloves  opens  the  valve  of  the  cylinder;  as  soon  as  the  arms  of  the 
scales  are  equalized,  the  valve  is  closed.  The  discharge  of  hydro¬ 
cyanic  acid  from  a  cylinder  with  a  siphon  is  completed  after  1-5 
min,  and  without  a  siphon  after  5-10  min. 


Disinfestation  and  deratization  are  carried  out  at  a  temperature 
of  20-25°  and  with  an  exposure  of  2  h  in  unupholstered  railroad 
cars  at  a  concentration  of  0.1-0.2^,  and  upholstered  ones  at  0.2% 
by  volume.  When  railroad  cars  have  large  amount  of  upholstered 
articles  and  with  the  presence  of  other  aggravating  conditions  the 
concentration  of  the  hydrocyanic  acid  and  the  exposure  are 
increased. 


After  the  cyanidatlon  of  passenger  railroad  cars  in  a  hanger 
the  hydrogen  cyanide  is  ejected  into  the  atmosphere  through  a  special 
draw  pipe,  which  takes  a  total  of  5-10  minutes.  It  is  necessary  to 
consider  that  in  cold  weather  at  a  temperature  of  -lM.8°  when 
ejecting  it  into  the  atmosphere  volatilization  of  the  hydrocyanic  acid 
vapors  does  not  occur,  but  it  falls  in  the  form  of  solid  precipitation 
or  increased  absorption  by  the  snow  cover  occurs  with  subsequent 
desorption  with  a  rise  in  tempei-ature.  In  warm  weather,  rain  water, 
and  also  in  samples  of  water  on  the  surface  of  the  earth  after 
discharging  the  gas  from  the  hangar  hydrogen  cyanide  is  not  detected. 
The  height  of  the  pipe  of  the  hangar  should  be  calculated  taking 
into  account  the  terrain  of  the  site  and  the  height  of  surrounding 
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buildings  and  In  all  cases  It  should  be  not  lower  than  15  m  and  higher 
than  the  ridges  of  roofs  of  habitable  buildings  located  at  a 
distance  of  100  m  from  the  hangar. 

The  fumigation  of  unupholstered  railroad  cars  In  a  hangar  Is 
carried  out  In  2  h,  the  fumigation  of  upholstered  railroad  cars  - 
^-8  h.  Railroad  cars  are  released  from  dlslnfectlonal  points  for 
cleaning  and  washing  after  their  cyanldatlon  in  a  hangar  when  the 
traces  of  hydrocyanic  acid  In  the  air  In  them  Is  not  more  than 
0.001  mg/t. 

It  Is  necessary  to  consider  that  hydrocyanic  acid  Is  readily 
absorbed  by  extermely  diverse  materials:  wood,  plaster,  concrete, 
rags,  etc.  The  materials  absorbing  hydrocyanic  acid  under  the  usual 
conditions  of  fumigation  are  freed  from  the  gas  slowly;  for  example. 

It  is  possible  to  detect  Its  presence  in  wood  months  after  cyanida- 
tlons. 

The  completeness  of  defumigation  of  a  building  Is  checked  by  the 
bezldine  test  according  t.'  the  method  N.  I.  Pomicheva  and  by  the 
reaction  of  the  formation  of  Berlin  blue. 

The  bezldine  test  method  consists  In  the  following:  In  a  test 
tube  there  are  taken  equal  amounts  of  a  0.2%  solution  of  bezldine 
acetate  and  a  0.3!l  solution  of  copper  acetate;  the  mixture  should  be 
a  gjreenish  color  (If  the  color  changes  the,  mixture  Is  discarded). 

The  mlxturt  is  stored  In  darkness  In  a  case  protected  from  the  light. 
The  solution  Is  good  for  up  to  one  month.  Before  carrying  out  the 
determination  strips  of  filter  paper  are  treated  with  the  mixture 
and  It  Is  Introduced  In  a  moist  state  Into  the  premises;  they  are 
placed  In  various  places,  which  are  the  most  difficult  to  ventilate 
(In  drawers  of  tables,  in  folds  In  articles,  under  pillows,  etc.); 
furthermore,  samples  are  hung  In  the  upper  parts  of  the  premises 
since  the  vapors  of  hydrocyanic  acid  readily  accumulate  In  the  upper 
layers  of  air. 
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With  the  presence  of  hydrocyanic  acid  In  the  tested  air  the 
papers  turn  blue.  When  the  papers  turn  blue  rapidly  and  Intensely 
this  indicates  the  presence  In  air  of  over  50  mg/m  of  hydrocyanic 
acid  —  a  dose  dangerous  to  man  even  with  a  short-term  stay  In  such 
premises.  When  the  papers  turn  blue  in  7  s  this  means  that  the 
HCN  content  Is  higher  than  25  mg  per  m^  of  air;  this  dose  is  also 
dangerous  to  man  If  he  stays  there  for  a  long  time.  If  the  papers 
turn  blue  after  7  seconds,  this  Indicates  that  the  air  contains  less 
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than  15  mg/m"^,  l.e.,  these  concentration  are  not  dangerous  to  man. 

At  a  concentration  of  1  mg/m^  of  air  the  papers  turn  blue  after  10 
seconds.  Papers  turn  blue  after  1  min  In  the  presence  of^O.OOOlJ 
of  hydrocyanic  acid  In  air.  Chlorine  and  nitrogen  oxides  also 
cause  the  reagent  paper  to  turn  blue. 


The  method  of  N.  I.  Pomlcheva  Is  based  on  the  fact  that  when 
the  tested  air  is  drawn  with  a  rubber  bulb  (volume  of  l80  mA) 
through  a  glass  tube  filled  with  silica  gel  impregnated  with  a 
mixture  of  bezldine  acetate  and  copper  acetate  solution,  a  color 
forms  on  the  silica  gel  which  is  compared  with  standard  scale.  This 
Instrument  makes  it  possible  to  rapidly  determine  the  hydrocyanic  acid 
In  air  within  the  limits  of  from  0.05  to  0.0004  mg/i. 


The  cylinders  after  the  expenditure  of  the  liquid  hydrocyanic 
acid  contained  in  them  are  defumigated,  since  there  Is  always 
a  liquid  residue  in  them  sometimes  attaining  50  mji.  The  defumlgatlon 
Is  carried  out  at  sites  specially  assigned  for  this.  If  the  cylinder 
has  s  siphon  tube,  then  it  Is  tilted  downwards  by  the  neck  and  the 
residue  of  liquid  hydrocyanic  acid  Is  poured  from  It  on  a  specially 
prepared  metallic  baking  sheet,  on  which  there  had  first  been  poured 
2  kg  of  a  10)l(  solution  of  caustic  alkali;  then  to  this  there  is 
added  2  kg  of  a  10$  solution  of  iron  vitriol.  All  of  this  is  thoroughly 
stirred  foi-  5-10  min  and  poured  into  a  pit  prepared  beforehand  on 
the  territory  of  the  hangar.  Into  the  empty  cylinder  there  Is 
first  poured  1  kg  of  a  10$  solution  of  caustic  alkali,  and  then  the 
same  quantity  of  a  10$  solution  of  Iron  vitriol;  this  thoroughly 
mixed  by  rolling  the  cylinder  In  a  horizontal  position  for  2-3  min 
and  this  Is  then  poured  Into  the  pit. 
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Hydrocyanic  acid  possesses  high  toxicity  to  warm-blooded  animals 
and  man.  It  is  one  of  the  strongest  poisons  for  animal  and  vegetable 
protoplasm.  Hydrocyanic  acid  causes  lethal  poisoning,  if  in  the 
course  of  one  minute  approximately  8  mg  of  the  preparation  in  its 
gaseous  state  is  inhaled.  Man  dies  from  inhaling  for  several 
minutes  air  with  a  hydrocyanic  acid  concentration  of  0.46$,  but 
withstands  for  a  short  time  without  harm  to  himself  air  with  a 
concentration  of  0.003-0.004$.  The  maximum  permissible  concentration 
in  industrial  enterpris.es  is  0.0C08  mg/t.  The  salts  of  hydrocyanic 
acid  also  possess  high  toxicity;  when  taken  internally  the  lethal 
dose  of  KCN  is  equal  to  200  mg,  NaCN  -  150  mg  and  HCN  -  70  mg. 


CHAPTER  XI 


FORMS  OF  APPLICATION  OF  INSECTICIDES 
By  V.  L  V&shkov 

[ JPRS  56354 ] 

pp  221-255 

The  toxicity  ^nd  speed  of  action  of  a  preparation  depend  to  a  con¬ 
siderable  extent  on  the  form  of  its  use.  For  instance*  if  the  preparation 
is  used  in  a  solution*  the  solvent  may  exert  a  strong  effect;  if  it  is  used 
in  solid  form  in  a  mixture  with  a  filler  (solid)  such  as  dust,  the  filler 
may  also  alter  its  action.  Besides,  the  effectiveness  can  be  considerably 
increased  or  intensified  by  the  addition  oi  various  auxiliary  substances. 

The  temperature  and  moisture  also  change  the  effectiveness  of  the 
insecticide.  It  has  been  established  that  upon  increase  of  the  temperature 
from  20  to  30°  following  processing,  in  the  premises  where  insects  are 
prese  it,  the  DDT  toxicity  decreases  and  the  activity  of  dildrin  and  diazin- 
one  increases,  the  toxicity  of  gamma -hexachloran  is  not  altered  although 
the  death  incidence  of  house  flies  is  somewhat  higher  at  high  temperatures. 

In  the  practice  of  disinsection  the  following  forms  are  used:  1) 
solutions;  2)  pastes  and  emulsions;  3}  insecticide  soaps;  4)  powders  and 
dusts;  5)  granulated  insecticides;  6)  suspensions;  7)  pencils;  8)  gases; 

9)  aerosols  (spraying,  fumigation,  burning  of  combustible  substances  im¬ 
pregnated  with  insecticides;  10)  vapors;  11)  candles;  12)  freon  con¬ 
tainers  (bombs);  13)  insecticides  in  lacquers,  dyes,  and  whitewashing 
materials;  1^)  ointments;  15)  poisoned  baits;  16)  feeding  of  insecticides 
to  vertebrate  animals  (C.  F.  Bezuglyy;  A.  M.  Klechetova;  M.  I.  Mur- 
av'yev;  Blum). 


AEROSOLS 

Systems  consisting  of  minute  particles  from  10"^  to  10“5  cm,  sus¬ 
pended  in  the  air,  have  the  general  name  of  aerodispersion  systems,  cr 
aerosols. 

The  air  represents  for  these  systems  a  dispersion  medium, 
whereas  the  solid  particles  constitute  the  dispersion  phase.  Depending 
on  the  aggregate  state  of  the  particles,  aerosols  are  divided  into  two 
types:  fumes  and  vapors.  The  first  usually  contain  hard  particles,  the 
others  --  liquid  drops.  However,  no  differentiation  is  often  made  between 
vapors  and  fumes,  and  they  are  differentiated  only  according  to  their  ex¬ 
ternal  qualitative  characteristics.  Both  are  employed  for  disinsection 
purposes.  Insecticides  possessing  fumigation  properties  are  most  effective 
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in  the  control  of  flying  insects  when  used  in  the  form  of  aerosols;  for  in¬ 
stance,  aerosols  of  hexachloran  used  on  insects  are  twice  as  toxic  as  DDT 
aerosols.  Aerosols  containing  insecticides  of  contact  action  possess  no 
fumigation  properties  and  are  more  suitable  for  the  control  of  crawling 
rather  than  flying  insects. 

The  following  classification  is  used  for  the  determination  of  the 
size  of  aerosols: 

a)  large-drop  sprinkling  --  the  drops  are  400  microns  in  diameter; 

b)  small-drop  sprinkling  --  diameter  of  the  drops,  100-400  microns; 

c)  coarse  vapors  --  drops  50>100  microns  in  diameter; 

d)  aerosols  and  mists  --  suspended  in  the  air  solid  and  liquid  par¬ 
ticles  consisting  to  the  extent  of  80  percent  of  particles  0.1-30  microns  in 
diameter;  no  particles  larger  than  50  microns  are  found  in  these  systems; 

e)  fumes  --  diameter  of  particles,  0.001-0. 1  microns; 

f)  powder-like  poisons  --  coarse  particles  over  175  me  in  diameter; 
medium  size  --  45-175  me;  the  powder-like  poisons  are  used  where  the 
extensive  drift  of  the  insecticide  is  to  be  avoided,  such  as  in  aviodusting. 

One  of  the  advantages  of  employing  aerosol  preparations  is  the 
considerable  increase  of  the  surface  covered.  For  example,  whereas  one 
milliliter  of  fluid  spread  over  a  surface  covers  6  cm^,  a  surface  covered 
with  the  same  volume  of  substance  which  is  broken  up  into  particles  of 
about  0.00001  cm  in  size,  increases  to  600,  000  cm^.  A  drop  of  water 
dispersed  in  the  form  of  mist  comprises  30,  000  small  particles  of  the 
order  of  4  x  10^  cm. 

The  dispersion  contributes  to  the  increase  of  the  chemical,  phys¬ 
ical  and  physicochemical  activity  of  the  preparation.  Upon  the  use  of  in¬ 
secticides  in  this  form,  their  effect  is  markedly  increased,  since  they  act 
not  only  through  the  cuticle,  like  powdery  preparations  or  solutions,  but 
penetrate  also  into  the  organism  of  the  animal  through  its  tracheal  system. 

Aerosol  ^s  characterized,  besides  is  dispersion  degree,  also  by 
the  number  of  particles  in  a  given  volume  of  air.  The  Brownian  movement 
of  individual  aerosol  particles  is  the  original  cause  of  all  its  properties 
such  as,  for  instance,  its  diffusion  characteristics.  Since  the  intensity 
of  Brownian  movement  of  aerosol  particles  is  considerable,  the  possi¬ 
bility  of  collision  of  the  suspended  particles  is  also  great,  which  thus  re¬ 
sults  in  the  collision  and  coagulation  of  the  particles.  One  of  the  most 
important  aerosol  properties  is  the  presence  of  electric  charges  on  the 
particles.  The  charged  state  of  the  particles  makes  it  possible  to  separ¬ 
ate  them  from  the  dispersion  medium  by  means  of  an  electric  field,  which 
is  employed  technically  for  the  purpose  of  purification  of  the  particles 
suspended  in  gases  ss,  for  example,  in  the  case  of  dust.  This  property 
of  aerosol  particles  in  the  field  of  disinsection  and  disinfection  has  r.ot 
been  utilised  as  yet,  and  it  requires  further  elaboration.  As  a  result  of 
low  viscosity  and  low  specific  gravity  of  the  dispersion  medium  (air-'gas). 
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the  aerosol  particles  are  easily  precipitated  under  the  effect  of  gravity 
and  of  the  electric  field.  Aerosols  are  of  little  effect  when  used  for  the 
extermination  of  crawling  insects. 

In  using  aerosols  for  the  control  of  insects,  one  takes  into  account 
that  the  flying  insects  receive  more  drops  than  sitting  insects,  because 
the  moving  wings  are  effective  collectors  of  the  drops. 

Aerosols  represent  one  of  the  effective  methods  for  the  use  of  in  ¬ 
secticides  against  flying  insects  (flies,  mosquitoes,  gnats,  moths,  etc* ), 
as  well  as  against  agricultural  pests. 

There  are  numerous  methods  of  obtaining  aerosols  of  organic  in¬ 
secticides.  As  examples  of  the  mechanical  and  physical  methods  of  ob¬ 
taining  aerosols,  one  can  ci.c:  atomization  of  dusts  and  insecticide  solu¬ 
tions  under  high  pressure,  or  obtaining  aerosols  by  means  of  generators 
with  the  use  of  high  temperature  and  pressure. 

Aerosol  autonomous  bombs  are  employed  in  which  halogenized 
liquefied  freon  or  other  gaseous  substances  compressed  into  fluid  are 
used  as  an  ejector. 

Aerosols  are  obtained  by  burning  thermal  mixtures  containing  an 
insecticide,  burning  of  materials  permeated  with  an  insecticide,  or  via 
evaporation.  An  insecticide  aerosol  can  also  be  obtained  by  means  of  a 
chemical  reaction  between  gases:  for  instance,  a  fume  of  ammonium 
chlorid>:  (NH^Cl)  originates  upon  mixing  of  gaseous  ammonia  and  hydrogen 
chloride:  NHj  +  HCl  =  NH4CI. 

The  aerosol  method  of  controlling  pests  and  diseases  of  agricul¬ 
tural  and  forest  cultures  is  being  increasingly  introduced  into  the  practice 
of  plant  protection:  as  a  rule,  one  employs  DDT  or  hexachlorocyclohexane 
dissolved  in  diesel  oil  or  in  green  oil.  Dildrin  or  heptachlorine  can  be 
used  for  this  purpose  (A.  G.  Amelin). 

At  present,  the  aerosol  method  of  the  use  of  chemicals  in  the 
national  economy  of  the  USSR  is  widely  employed  in  various  areas:  the 
area  of  processed  field  crops  is  measurea  in  millions  of  hectares,  the 
area  of  gardens  and  tree  planting  occupies  hundreds  of  thousands  of  hec¬ 
tares,  granaries,  greenhouses  and  animal  husbandry  structures  --huxxlreds 
of  millions  of  cubic  meters,  and  the  extermination  of  gnats  is  measured 
in  areas  occupying  millions  of  hectares. 

Aerosols  Obtained  by  Means  of  Liquefied  Gases  (Freon  Aerosols). 

In  1927,  a  method  was  first  introduced  in  the  United  States  of  using  in¬ 
secticides  in  the  form  of  aerosols  obtained  with  the  aid  of  liquefied  gases 
(propellents)  sealed  in  bombs;  as  an  ejector  only  freon-12  (dichlordi- 
fluoromcthyl)  was  employed  at  first. 

Due  to  the  fact  that  freon-12  is  a  compressed  gas  which  boils  at 
-29.8°,  the  resilience  of  vapors  creates  in  the  bomb  a  pressure  of  5-12 
atmospheres,  the  extent  of  which  depends  on  the  temperature  of  the  sur¬ 
rounding  air.  The  principle  of  action  of  the  aerosol  bomb  consists  of  the 


fact  thati  upon  opening  the  valve,  the  mixture  enclosed  is  ejected  into  the 
air  as  a  result  of  pressure  on  the  fluid  of  the  saturated  vapor  above  the 
fluid  in  the  bomb.  Freon  escapes  with  great  force  from  the  bomb  and 

with  it  the  dissolved  insecticide;  upon  its  escape  from  the  bomb, 
freon  undergoes  vigorous  boiling  due  to  changed  pressure,  and  is  trans¬ 
formed  into  a  gas,  with  the  result  that  .the  insecticide  is  atomized  into 
minutest  drops. 

Finely  dispersed  aerosols  (size  of  particles  2-5  microns)  and 
coarsely  dispersed  (size  of  particles  15-20  microns)  are  equally  effective, 
according  to  the  data  of  Schechter  and  Sullivan.  An  important  factor  is  the 
concentration  of  the  dispersed  insecticide. 

The  first  representative  of  this  type  of  insecticides  which  appeared 
on  the  market  was  a  bomb  consisting  of  a  heavy  steel  container  which  was 
originally  designed  for  other  purposes  but  was  later  adapted  for  an  aero¬ 
sol  insecticide  mixture. 

In  1951,  6,  000,  000  units  were  manufactured  in  the  United  States; 
in  1961,  this  figure  rose  to  796,  000,  000  units  and  in  1962,  to  915,  000,  000 
bombs.  About  20  percent  of  this  number  contains  insecticides;  bombs 
of  this  type  also  contain  lacquers,  dyes,  repellents,  bactericides,  guta- 
line,  etc. 

Analogous  bombs  are  manufactured  in  England,  France,  the  Fed¬ 
eral  Republic  of  Germany,  etc.  (Bradfury,  Schechter). 

In  order  to  reduce  the  pressure  in  the  bomb  a  mixture  of  freons-12 
and  11  was  subsequently  used.  Freon- 11  (trichlormonofluoromethane) 
boils  at  +23.8°;  when  added  to  freon-12  it  makes  it  possible  to  reduce  the 
pressure  in  the  bomb  to  3-5  atmospheres,  it  is  thus  possible  to  manufac¬ 
ture  bombs  made  of  lighter  materials  such  as  tin,  aluminum,  glass,  etc. 
rather  than  of  steel  and  other  heavy  metals. 

At  present,  there  are  propellents  of  three  varieties:  one  --  on 
propane  for  use  under  high  pressure;  the  second  --on  isobutane  for 
medium  pressures,  and  the  third  --  for  lower  pressures. 

To  rec.ce  the  pressure  in  the  bomb,  as  well  as  for  a  partial  sub¬ 
stitution  of  freon,  one  began  to  employ  as  propellents  a  mixture  of  freon- 12 
with  other  compounds,  such  as  the  following:  1)  85  percen*-  freon  and  15 
percent  dimethylether;  2)  65  percent  freon  and  35  percent  vinyl-chloride; 

3)  91  per  ent  freon  and  9  percent  propane;  4)  90  percent  freon  and  10  per¬ 
cent  isobutane;  5)  45  percent  freon-12,  45  percent  freon-11  and  10  per¬ 
cent  isobutane. 

A  mixture  was  proposed  of  dimethylether  and  fluorocarbon  wbirh 
is  not  inflammable,  when  the  content  of  the  first  ingredient  is  under  30 
percent  by  volume.  On  this  basis,  the  following  composition  is  recom¬ 
mended  for  obtaining  aerosols:  15  percent  (by  weight)  of  dimethylether, 

75  percent  of  freon- '2  and  10  percent  of  freon- 11. 

Attempts  are  being  made  at  present  tu  use  bombs  of  synthetic 
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materials  where  the  fineness  of  atomization  shows  little  change. 

In  connection  with  the  vast  amount  of  manufactured  bombs,  the  use 
of  insecticides  abroad  in  the  form  of  aerosols  predominates  over  other 
forms  of  their  application. 

Aerosol  bombs  are  used  for  spraying  insecticides  in  the  air  for 
the  purpose  of  extermination  of  flying  insects,  as  well  as  fcv  spraying 
various  surfaces  for  the 'extermination  of  crawling  insects  (Fig  2). 


Fig  2.  Aerosol  Bomb  (Diagram). 


Aerosol  bombs  usually  contain  a  mixture  of  insecticides  (one  of  the  » 

insecticides  paralyzes  or  knocks  down  the  insects,  the  other  kills  them), 
synergist,  solvent,  liquefied  gas,  etc.  Insecticides  such  as  DDT,  met- 
oxychlorine,  etc.  act  on  the  insects  rather  slowly;  therefore,  to  speed 
up  their  action,  in  the  majority  of  cases  one  adds  to  the  composition  of 
the  mixture  in  the  bomb  some  insecticides  which  rapidly  paralyze  the  in¬ 
sects:  as  a  result,  the  insects  following  contact  with  such  a  mixture  drop 
immediately,  and\he  slower-acting  insecticide  finishes  them  off.  Of  in¬ 
secticides  possessing  a  rapid  paralyzing  effect  on  the  insects  one  usually 
employs  alletrin,  pyrethrim  tannite  (isobomylthiocyanoacetate,  02  per¬ 
cent,  and  18  percent  of  other  active  terpenens),  to  which  also  10  percent 


0 


387 


of  pyrcthrum  by  weight  is  added;  lethane  (2-butoxy-2-thiocyandiethyl 
alcohol)  is  often  used  in  a  mixture  with  0. 1  percent  of  pyrethrum  or  allet- 
rin;  lethane  requires  deodorization,  so  that  it  is  used  in  the  preparation 
of  medium  am',  low  stability  (Briston).  Of  insect-killing  insecticides,  in 
addition  to  DDT  and  metoxychlorine,  chlordane,  gamma-isomer  of  hexa- 
chlorocyclohexane,  dildrin,  stroban,  pertan,  malathione,  DDVPh,  etc* 
are  used  (V.  1.  Vashkov,  V.  M.  Tsetlin,  et  al. ). 

To  prolong  the  action  time  of  preparations  which  paralyze  the  in¬ 
sects,  insecticides  are  added  in  the  bombs  which  prolong  their  action  -- 
prolongators  --  and  for  the  intensification  of  the  insecticide  properties 
synergists  are  added.  The  latter  permit  the  use  of  small  quantities  of 
paralyzing  preparations.  S^mergists  most  frequently  used  are:  piperonyl- 
butoxide,  siufoxide,  preparation  264-N-octylbicycloheptene,  dicarboxa¬ 
mide,  etc.  Combinations  of  piperonyl-butoxide  and  pyrethrins  are  known 
in  the  United  States  under  the  name  of  pyrenone,  and  in  England  --  under 
the  name  of  pybuthrin. 

Sesame  oil,  sesamolin  and  kindred  compounds  also  are  added  in 
the  bombs.  Sesame  oil  is  a  synergist  of  pyrethrum;  its  activating  effect 
depends  on  sesamolin;  these  compounds  are  poorly  soluble  in  kerosene, 
and  a  solvent  has  to  be  added  in  the  bombs. 

The  insecticide  solvents  used  generally  have  a  higher  boiling  point 
than  propellents;  thus,  upon  atomization  in  the  air,  an  aerosol  is  formed 
which  contains  the  insecticide.  As  solvents,  kerosene  or  deodorized  pine 
oil  are  used  most  frequently. 

The  stability  of  aerosol  preparations  under  storage  conditions  is 
very  important.  Preparations  containing  water  and  freon  are  not  suitable, 
because  in  an  aqueous  medium  a  catalysis  of  the  hydrolysis  of  freon  takes 
place  with  the  liberation  of  an  acid.  The  bombs  are  usually  good  for  one 
year,  but  very  often  they  can  be  preserved  for  2-3  years. 

Mixtures  recommended  for  spraying  are  subjected,  first,  to  thor¬ 
ough  study,  the  main  attention  being  concentrated  on  the  investigation  of 
their  toxicity  to  warm-blooded  animals  and  to  humans;  the  pyrethrins 
become  rapidly  metabolized,  whereas  piperonylbutoxide  passes  through 
the  intestinal  tract  without  change,  i.  e. ,  it  is  poorly  absorbed  by  the  ani¬ 
mal  organism.  Man  easily  tolerates  concentrations  up  to  42  mg/liter;  the 
absorption  of  a  preparation  precipitating  on  the  skin  is  poor. 

According  to  the  data  of  O.  D.  Khalizova  and  Ye.  M.  Vorontsova, 
a  5-15  percent  mixture  of  freon- 12  to  the  inhaled  air  is  not  dangerous  to 
man.  Convulsions  in  rats  appear  at  30-40  percent  of  freon- 12  mixture 
with  air;  a  narcotic  state  sets  in  upon  raising  the  freon- 12  concentration 
to  70-80  percent. 

An  azotropic  mixture  of  freons  124  and  C-31b  is  of  little  toxicity 
to  warm-blooded  animals  in  concentrations  not  exceeding  10-15  gm/m^. 
These  concentrations  exert  a  mild  irritating  effect  on  the  mucosa  of  the 
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eyes,  and  in  a  concentration  of  15  gm/in^  and  higher,  the  mixture  exerts 
a  mild  narcotic  effect  (A.  P.  Volkova).  For  the  extermination  of  insects 
one  usually  employs  0.5-1  gram  of  freon  per  cubic  centimeter.  Solid 
carbon  dioxide  (dry  ice)  can  be  used  instead  of  freon  as  a  propellent. 

Aerosols  for  the  Extermination  of  Flying  Insects.  In  order  to  ob¬ 
tain  a  higher  effectiveness  in  the  processing  of  closed  quarters,  it  is  im¬ 
portant  that  aerosol  drops  be  of  small  size  and  remain  suspended  in  the 
air  for  a  long  period  of  time.  Pyrethrum  is  added  to  the  composition  so 
as  to  stimulate  the  flight  of  insects  as  well  as  for  the  acceleration  of 
paralysis. 

The  aerosol  particles  must  be  so  small  that  the  insects  could  in¬ 
hale  them  easily;  this  contributes  to  their  instantaneous  death.  About 
80-85  percent  of  propellents  (freon-l?.  and  freon-11)  are  usually  intro¬ 
duced  in  the  bombs  used  for  the  exterminat}.>n  of  flying  insects,  so  as  to 
obtain  a  fine  aerosol.  According  to  the  elaborated  specification,  80  per¬ 
cent  of  dispersed  particles  should  be  smaller  than  30  microns,  each  of 
the  remaining  20  percent  particles  must  not  exceed  SO  microns. 

Aerosols  consisting  of  fine  particles  (2-5  microns)  are  somewhat 
more  effective  than  the  larger  particles  (15-20  microns).  The  main  fac¬ 
tor  which  determines  their  effectiveness  is  the  concentration  of  the  in¬ 
secticide. 

According  to  the  recommendation  of  the  Committee  on  Insecticides 
of  WHO,  the  newly-recommended  freon  aerosols  are  used  in  the  disinsec¬ 
tion  of  airplanes,  in  the  ratio  of  35  grams  per  100  m^,  provided  the 
biological  activity  of  these  aerosols  equals  or  exceeds  the  effectiveness  of 
standard  recipes.  Aerosols  containing  dichlorophos  possess  high  insec¬ 
ticide  properties.  Freon- 11  and  freon- 12,  as  well  as  other  freons,  can 
be  used  as  a  propellent.  In  particular,  a  mixture  of  the  following  com¬ 
position  has  been  suggested:  dichlorophos,  4  percent,  deodorized  kero¬ 
sene,  11  percent,  and  a  propellent  (mixture  of  freon-124  and  318),  85  per¬ 
cent.  With  the  use  of  an  aerosol  of  this  composition,  insects  (flies,  bed¬ 
bugs,  cockroaches)  die  within  3-5  minutes.  A  mixture  of  this  type  is  of 
little  toxicity  to  warm-blooded  animals.  Symptoms  of  poisoning  of  warm¬ 
blooded  animals  are  manifested  when  the  concentration  of  this  preparation 
in  the  air  exceeds  more  than  30-fold  its  insecticide  properties  (V.  M. 
Tsetlin,  A.  P.  Volkova,  L.  N.  Pogodina,  V.  I.  Vashkov,  L.  I.  Brikman, 
et  al.  ). 

There  is  a  large  number  of  recipes  for  filling-up  the  bombs  used 
in  the  extermination  of  flying  insects.  Bombs  weighing  57  grams  are 
manufactured  with  the  dosing  atomizer  which  thus  controls  the  expenditure 
of  the  mixture.  It  is  thought  that  these  bombs  are  more  effective  than  the 
usual  bombs  weighing  340  or  170  grams.  The  method  of  use  is  indicated 
on  the  labels  of  bombs  used  in  the  control  of  flying  insects.  When  these 


589 


bombs  are  used,  the  doors  and  windows  are  kept  closed,  the  ventilation 
devices  and  air  conditioners  are  turned  off.  When  small  quarters  are 
treated,  for  instance,  of  28  m^  volume,  the  aerosol  is  sprayed  in  all 
directions  nearer  to  the  ceiling  for  4-5  seconds.  The  bomb  outlet  is  kept 
not  nearer  than  one  meter  from  painted  surfaces  and  objects  to  avoid 
staining  them.  Following  disinsection  the  premises  remain  closed  for 
about  15-20  minutes.  The  fallen  insects  are  swept  out  and  destroyed. 

The  aerosol  stream  must  not  be  directed  toward  fire  or  near  it. 
During  aerosol  processing  it  io  advisable  to  refrain  from  smoking.  Food 
products,  as  well  as  humans,  domestic  animals  and  plants  are  protected 
from  contact  with  the  aerosol;  cages  with  birds  and  fish  bowls  are  re¬ 
moved  from  the  room  for  the  entire  period  of  treatment. 

Aerosols  for  the  Extermination  of  Crawling  Insects.  For  the  ex-  . 
termination  of  crawling  insects  (cockroaches,  bedbugs,  etc. }  aerosol 
compounds  are  used  which  upon  spraying  form  large  drops.  The  aerosol 
stream  is  directed  into  all  cracks  and,  although  the  insecticides  possess 
residual  action,  repeated  treatment  is  often  required.  The  fluids  em¬ 
ployed  for  the  opraying  of  surfaces  contain  up  to  30-60  percent  of  a  pro¬ 
pellent  and  70-40  percent  of  insecticides  (by  weight). 

When  using  these  aerosols  the  opening  of  the  bomb  is  kept  approxi¬ 
mately  at  a  distance  of  20  cm  from  the  treated  surface.  Aerosol  is  ap¬ 
plied  in  an  amount  sufficient  for  slight  moistening  of  the  treated  surface. 

In  the  extermination  of  cockroaches,  a  thorough  processing  is 
essential  of  all  possible  locations  of  the  insects,  especially  cracks,  as 
well  as  around  places  where  food  products  are  stored,  etc.  It  is  im¬ 
portant  to  keep  in  mind  that  the  insects  should  contact  the  places  treated 
with  the  insecticide.  Beds  infested  with  bedbugs,  mattresses,  closets, 
cracks  in  the  walls  of  the  bedrooms  are  sprayed.  For  the  extermination 
of  wood  borers  a  special  compound  is  prepared  containing  1  percent  chlor- 
dane,  0.5  percent  dildrin,  33.5  percent  xylol,  35  percent  deodorized  kero¬ 
sene,  and  30  percent  dichlorodifluormethane. 

Aerosols  for  the  Extermination  of  Moth.  Aerosols  are  very  effec¬ 
tive  in  the  extermination  of  moth.  It  has  been  demonstrated  in  practice 
that  at  present  one  employs  successfully  for  this  purpose  pertan,  stroban, 
and  other  insecticides  --  all  of  them  highly  effective.  In  addition  to  effec¬ 
tiveness,  preparations  recommended  for  the  control  of  moth  must  possess 
low  toxicity  in  regard  to  warm-blooded  animals  arid  good  solubility  in 
hydrocarbons,  as  well  as  easy  crystallization.  Pertan  and  stroban  meet 
the  above  requirements.  These  preparations  are  used  in  a  dissolved  state; 
for  this  purpose,  one  part  of  the  preparation  is  dissolved  in  nine  parts  of 
deodorised  kerosene;  one  may  add  to  this  concentrate  30-50  percent  (by 
weight)  dichlorodifluoromethane.  Particles  of  the  size  of  100  to  200  mi¬ 
crons  are  usually  employed  in  the  control  of  moth.  Instead  of  one  pro¬ 
pellent,  a  mixture  can  be  employed  consisting  of  two  propellents  (six 


parts  dichlorodifluoromethane  and  four  parts  trichlorofluoromethane). 

The  mixture  may  also  consist  of  stroban  (5  percent),  kerosene  (15  per¬ 
cent),  dichlordifluoromethane  (30  percent)  aud  trichlorofluoromethane 
(50  percent). 

Treatment  wich  such  an  aerosol  ensures  reliable  protection  for  at 
least  12  months. 

Methoxychlorine  is  also  recommended  as  an  effective  means 
against  clothes -moth.  Upon  excessive  moistening  of  the  surfaces  with 
aerosol  containing  methoxychlorine,  crystalline  deposits  may  appear 
which  are  particularly  noticeable  on  dark  surfaces.  As  substances  pre¬ 
venting  crystallization,  one  sometimes  adds  dibutylphthalate  and  dimethyl- 
phthalatc,  but  since  they  themselves  represent  strong  plastificators,  they 
may  in  their  turn  be  harmful  to  synthetic  wares. 

For  the  control  of  moth  the  following  compositions  are  recom¬ 


mended: 

Methoxychlorine . . .  5% 

Methylated  derivates  of  aromatic 

hydrocarbons .  267o 

.  Dichlorodifluoromethane .  34.5% 

Trichlorofluoromethane .  34. 5% 


The  following  preparations  can  also  be  recommended:  methoxy¬ 
chlorine,  five  percent,  stroban,  4-5  percent,  or  a  mixture  of  insec¬ 
ticides  --  methoxylchlorine,  five  percent,  with  dibutylphthalatomide  (1-2 
percent). 

Objects  to  be  treated  for  moth  extermination  are  preliminarily 
cleansed  to  remove  dirt  and  spots,  following  which  each  object  is  treated 
separately  with  aerosol  by  means  of  placing  the  bomb  at  a  distance  of 
approximately  45  cm  and  spraying  until  the  surface  is  slightly  moistened. 
The  amount  of  needed  preparation  depends  on  the  structure  of  the  clothing 
material.  The  heavier  the  clothing  the  more  time  is  required  for  spray¬ 
ing  the  objects;  30  seconds  are  required  for  the  processing  of  0.5  kg  of 
clothing.  One  must  avoid  excessive  treatment  and  excessive  application 
of  the  preparation.  Particular  care  should  be  exercised  in  the  treatment 
of  lapels,  scams,  cuffs,  etc.  ;  if  possible,  both  sides  should  be  sprayed. 

To  ensure  the  best  protection  with  aerosols  it  is  advisable  to  spray  the 
inside  surfaces  of  storage  places  prior  to  placing  the  processed  objects 
in  them.  If  the  clothes  are  washed  or  dry  cleaned  they  should  be  sprayed 
again. 

Aerosols  for  the  Exterminatio.':  of  Ectoparasites  of  Domestic  Ani¬ 
mals.  Fleas,  lice  and  ti^ks  on  domestic  animals  can  be  easily  exter¬ 
minated  with  aerosols.  The  following  insecticides  are  recommended: 
pyrethrins  in  the  concentration  (in  the  bomb)  of  0.06  percent  with  piperonyl- 
butoxide,  0.48  percent,  or  a  mixture  containing  pyrethrins  C.06  percent, 
piperonylbutoxide  0.  48  percent,  and  methoxylchlorine  0.5  percent,  and  the 
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rest  up  to  100  percent  solvents  and  propellents.  Also,  alletrine  is  recom¬ 
mended  in  0.075  percent  concentration  in  the  bomb  with  0.5  percent  of  the 
MGK-264  repellent. 

The  last  recipe  possesses  repellent  properties  in  regard  to  blood¬ 
sucking  flies  and  mosquitoes,  and  it  deodorizes  dogs.  Aerosol  is  directed 

?n  the  animals  from  a  distimce  of  30  cm.  One  begins  with  the  tail  and  by 
apidly  moving  the  bomb  one  treats  the  entire  body  of  the  animal.  The 
animal's  fur  is  ruffled,  so  that  aerosol  can  penetrate  it  more  thoroughly. 
One  sprays  until  the  fur  is  slightly  moistened.  Care  should  be  taken  so  as 
not  to  point  the  aerosol  spray  at  the  eyes,  snout,  and  sexual  organs. 

Aerosols  for  Deodorization  of  the  Air.  Insecticides  are  often  em¬ 
ployed  in  places  where  it  is  necessary  to  simultaneously  remove  obnoxious 
odors;  in  these  cases,  the  use  of  insecticides  with  deodorants  is  indicated. 

Triedman  demonstrated  that  the  addition  of  quaternary  ammonium 
Sc  Its  to  chlordan  is  very  effective.  Since  ammonium  salts  are  not  soluble 
in  the  compounds  which  are  used  for  dissolving  the  insecticides,  the  addi¬ 
tion  of  isopropyl  alcohol  produces  satisfactory  results. 

The  compounds  recommended  abroad  contain:  chlortem2.25  per¬ 
cent  in  a  mixture  with  quaternary  ammonium  bases  0. 1  percent,  and  with 
pyrethrins  0.045  percent:  also  recommended  are  pertan  or  siroban mixed 
with  other  compounds,  etc. 

Aerosols  Obtained  Upon  Burning  of  Thermic  Mixtures.  In  order  to 
obtain  combustible  materials  containing  an  insecticide,  one  permeates 
filter  paper,  cardboard,  sawdust,  cotton  rags,  or  hay  in  5-7  percent  solu¬ 
tion  of  potassium  nitrate  (KNO3),  in  terms  of  2.5  liters  per  kilogram  of 
material;  it  is  then  dried  for  12-24  hours.  Following  dessication  and  re¬ 
peated  weighing,  the  paper  is  permeated  with  a  10-12  percent  solution  of 
the  preparation,  DDT,  for  example  (in  benzene,  dichlorethane,  gasoline 
or  other  organic  solvents),  so  that  the  paper  contains  about  12-25  per¬ 
cent  of  the  pure  preparation  (DDT,  hexachloran,  etc.  }.  After  2-l/2hours 
(depending  on  the  solvents  employed)  of  drying  the  paper  and  final  weigh¬ 
ing  for  a  more  precise  determination  of  the  amount  of  preparation  per 
unit  of  its  weight,  the  paper  is  ready  for  use. 

Combustible  materials  permeated  with  insecticides  are  subjected 
to  smoldering  without  reaching  the  stage  of  combustion,  since  under  the 
latter  condition  the  insecticide  burns  up. 

It  was  found  that  aerosols  containing  insecticides  possess  viruli- 
cide  and  bactericide  properties  in  regard  to  the  microflora  of  the  air  and 
of  the  intestinal  group  of  microorganisms  (V.  I.  Vashkov,  A.  K.  Astaf¬ 
yeva,  A.  S.  Dyul'dina). 

A.  V.  Gutsevich  and  Ya.  Ya.  Podolyan  suggested  in  1963  the  man¬ 
ufacture  of  candles  containing  pyrethrum,  potassium  nitrate,  sawdust, 
flour  glue,  and  water.  The  mass  is  prepared  according  to  the  following 
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recipe:  pyrethrum  powder,  100  weight -parts,  flour  glue,  50  weight<part8, 
potassium  nitrate,  25  parts,  water, 50-70  parts,  sawdust,  25  parts.  The 
length  of  the  candle  is  20  cm,  weight  --  20  grams,  thickness  --  one  cm, 
duration  of  smoldering  --  30-60  minutes;  dosage  of  the  candle  --  0.5-1 
gram  per  cubic  meter. 

In  many  countries  of  the  world,  smoke -pots  containing  pyrethrins 
arc  made  in  the  shape  of  a  ring  (or  spiral).  They  contain  sawdust  of  hard 
and  soft  wood,  potassium  nitrate,  aniline -green,  paste  (in  Brazil,  made 
of  manioca  flour)  and  pyrethrin  I  (0.025  percent)  to  which  piperonylbu- 
toxide  (0.2  percent)  is  added.  The  pulp  is  r<^lled  in  the  form  of  a  ribbon, 
molded  in  special  presses  and  then  baked  at  48-50°. 

Also  recommended  are  candles  which  contain  16  percent  hexa- 
chloran,  or  DDT,  in  the  following  mixtures:  a)  candles  with  DDT  --  saw¬ 
dust  125  grams,  potassium  nitrate  41.5  grams,  potato  flour  45  grams, 
water  or  paste  400  gm,  benzene  (for  dissolving  DDT)  100  grams;  b)  can¬ 
dles  with  hexachloran  --  sawdust  50  gm,  tobacco  dust  150  gm,  potassium 
nitrate  25  gm,  hexachloran  50  gm,  potato  flour  20  gm,  water  (for  the 
paste)  ISO  grams.  In  the  preparation  of  candles  containing  hexachloran, 
the  latter  is  thoroughly  triturated  in  a  mortar  with  sawdust;  a  starch 
paste  is  then  made  in  the  proportion  of  1:10  and  potassium  nitrate  is 
added:  the  paste  with  potassium  nitrate  is  stirred  and  poured  in  a  con¬ 
tainer  with  the  insecticide  and  sawdust;  the  mixture  is  thoroughly  stirred 
and  spread  out  on  a  board;  it  is  rolled  in  a  thin  layer,  cut  into  equal 
parts,  and  molded  into  candles.  Candles  containing  DDT  are  made  in  an 
analogous  manner,  but  in  this  case  the  DDT  is  preliminarily  dissolved  in 
benzene  for  a  more  uniform  distribution  of  the  preparation.  The  fresh 
candles  are  dried  at  25-60°  temperature:  candles  containing  more  than 
30  percent  of  the  preparation  do  not  bum  well.  When  the  candles  are  lit, 
a  chemical  reaction  takes  place  in  them  with  the  result  that  the  tempera¬ 
ture  of  the  candle  at  the  burning  point  rises  to  220-224°.  At  a  150-180° 
temperature,  DDT  and  hexachloran  are  transformed  into  a  vaporous  stats 
and  are  sublimated.  The  USSR  industry  puts  out  candles  of  the  following 
composition:  DDT,  50  parts,  urotropin,  6.8,  potassium  chlorate.  17.5, 
chrysotile  asbestos,  5.2,  ceramic  gypsum,  3.9. 

In  the  use  of  candles,  their  consumption  depends  on  the  quantity  of 
the  preparation  within  the  composition  of  candles,  and  it  constitutes  ap¬ 
proximately  from  0.7  to  2.2  grams  per  cubic  meter.  A  single  burning  of 
candles  in  the  tent  imparta  to  the  tent  tissue  insecticide  properties  which 
last  about  seven  days. 

In  addition  to  the  above-enumerated  methods  of  obtaining  aerosols, 
the  latter  are  obtained  also  by  burning  plant  insecticides  mixed  with 
potassium  nitrate  (pyrethrum,  tobacco,  etc. ).  For  the  fumigation  of  hot¬ 
houses  two  grams  of  tobacco  dust  are  used  or  2-4  grams  of  pyrethrum 
per  cubic  meter  of  air.. 
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The  size  of  aerosols  of  insecticides  in  all  methods  of  their  manu¬ 
facture  is  very  small;  for  instance,  in  fumigation  with  tobacco  smoke  the 
size  cf  particles  is  from  1/1000  to  1/15,  000  part  of  a  micron. 

N.  D.  Uspenskiy  and  V.  T.  Osipyan  recommended  for  the  ex¬ 
termination  of  flying  insects  in  a  closed  room  the  following  thermal  in¬ 
secticide  mixtuici  DDT  60  percent,  potassium  chlorate  22.5  percent, 
ammonium  chloride  10  percent,  industrial  thiourea  7.5  percent.  The  mix¬ 
ture  is  made  by  means  of  trituration  subsequently  rubbing  the  component 
parts  through  a  No  1-5  sieve.  The  ready  mixture  is  placed  in  a  tin  can. 
The  mixture  can  be  compressed  and  may  also  be  stored  in  a  packed  form 
in  paper  packages. 

Smoke-pots  of  two  sizes  (74  and  300  grams)  under  the  name  "Vul- 
kan-Udag-53"  recommended  by  G.  G.  Tsintsadze  for  the  processing  of 
various  premises  are  prepared  from  such  mixtures. 

The  insecticide  hexachloran  smoke-pots  (IDG-1)  of  simple  com¬ 
position  (96  percent  of  hexachloran  and  4  percent  of  aluminum  powder) 
are  suitable  for  briquetting  without  the  use  of  cementing  mui;erial. 

The  slight  hexachloran  mist  obtained  by  means  of  these  smoke -pots 
is  most  toxic  for  arthropods  such  as  cockroaches,  bedbugs.  Tee,  flies, 
mosquitoes  and  ticks.  The  toxicity  of  insecticide  fumes  is  of  the  following 
order,  according  to  its  strength:  pyrethrins  --  DDT  --  rothunon  (N.  M. 
Parkhomenko).  Hexachloran  is  more  volatile  than  DDT.  The  residual 
action  of  aerosol  lasts  several  days.  Pyrethrum  possesses  no  prolonged 
residual  action,  with  the  result  that  the  effectiveness  of  this  type  of 
aerosols  in  combatting  crawling  insects,  especially  on  vertical  surfaces, 
is  rather  low.  The  low  residual  effect  of  fumigation  aerosols  on  treated 
surfaces  is  due  apparently  to  the  fact  that  a  very  small  amount  of  aerosols 
is  precipitated  on  vertical  surfaces. 

In  closed  quarters  about  80-85  percent  of  the  insecticide  aerosol 
settles  on  horizontal,  and  only  about  20-15  percent  on  vertical  surfaces. 
After  burning  in  a  room  of  the  size  of  70  m^  of  one  fumigation  prt  contain¬ 
ing  110. grams  of  industrial  DDT,  and  in  another  room  --  a  fumigation  pot 
of  120  grams  of  industrial  hexachloran  (10-12  percent  of  gamma -isomer), 
a  determination  was  made  of  the  amount  of  precipitated  preparations  on 
surfaces  situated  horizontally,  vertically,  and  in  a  turned-over  manner 
(ceiling);  the  largest  quantities  of  these  preparations  were  found  on  hori¬ 
zontally  situated  surfaces  (Table  22),  and  the  smallest  --on  turned-over 
surfaces  (ceiling). 

Smoke -pots  an  also  made  of  95  percent  industrial  hexachloran  and 
5  percent  aluminum  powder.  Upon  burning  this  type  of  mixture  prepared 
at  home,  one  employs  a  bucket  with  perforated  walls  (in  the  form  of  a 
sieve). 
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Table  22 


Amoxints  of  the  Preparation  (nig/zn^)  on  Horizontal,  Vertical, 
and  Turned-Over  Surfaces 


Distance 
from  Floor 
(in  Centi¬ 
meters) 

DDT 

Gamma -isomer 
(Hexachlorocyclohcxane) 

Horizontal 

Vertical 

Ceiling 

Horizontal 

Vertical 

Ceiling 

274-335 

204-257 

38-59 

•  39-55 

309  ! 

101 

60 

183-213 

130-148 

39-d5 

39-44 

173 

30 

21 

91-121 

140-185  1 

1 

32 

32 

195 
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The  thermal  mixtures  are  rarely  used  in  residential  quarters. 

Prior  to  fumigation  the  premises  are  vacated  of  people,  domestic  ani¬ 
mals,  birds,  fish  and  flowers.  The  dishes  are  taken  ont  of  the  room  or 
placed  in  a  cupboard  and  tightly  covered  with  paper  or  cloth;  products 
which  absorb  insecticides  (bread,  cream)  are  removed  from  the  treated 
premises.  The  smoke-pots  are  placed  on  the  basis  of  the  following  data: 
for  a  single-stage  extermination  of  flying  insects  (flies,  mosquitoes),  0.2 
gram  of  DDT  or  some  other  insecticide  is  used  per  m^  of  the  treated 
premises.  In  order  to  obtain  a  prolonged  residual  insecticide  effect  3.5 
grams  of  sublimated  mixture  are  used  per  square  meter  of  the  treated 
premises.  In  case  of  wooden  floors,  a  metallic  pad,  brick,  etc.  is  placed 
under  the  aerosol  smoke -pot  as  a  fire -prevention  measure,  or  a  layer  of 
sand  2  cm  thick  and  25-30  cm  in  diameter  is  spread  under  the  fumigation 
pot;  stone  and  asphalt  floors  do  not  require  this  precaution. 

In  the  treatment  of  non-resideutial  quarters,  the  windows  and  doors 
are  closed  and  the  cracks  are  stopped  up. 

The  required  number  of  fumigation  pots  for  disinsection  of  given 
premises  is  determined  in  terms  of  a  pot  of  one  kilogram  per  each  1500 
cubic  meters.  During  fumigation  the  aerosols  formed  rise,  cover  the 
ceiling  and  walls,  and  are  uniformly  distributed  in  the  premises.  The 
latter  are  kept  closed  for  2-3  hours;  they  are  then  ventilated  until  the 
sharp  odor  of  the  insecticide  is  gone  (DDT  --  1-2  hours,  hexachlorocyclo- 
hexane  --  to  12  hours,  etc. }.  After  airing  the  premises,  the  visible 
residue  of  aerosols  is  removed  from  the  treated  household  objects  by 
means  of  a  wet  rag.  The  paralysed  and  dead  insects  are  swept  out  and 
burned.  The  premises  can  be  used  immediately  upon  completion  of  the 
cleaning  procedure. 


395 


For  aerosol  treatment  of  civilian  and  military  clothing,  stationary 
and  mobile  disinfection  chambers  are  used  ac  well  as  various  suitable 
premises  (individual  rooms,  peasant  huts,  mud-huts,  farm  buildings, 
etc.  ).  The  optimum  effect  of  impregnation  of  sheep- skin  coats,  over¬ 
coats,  cotton  shirts  and  trousers  is  obtained,  at  temperatures  of  the  cut- 
side  air,  during  the  fall -winter  seasons,  with  doses  of  12-24  grams  per 
cubic  meter,  in  terms  per  given  preparation.  The  duration  of  residual 
insecticide  effect  is  7-20  days,  depending  on  the  type  of  clothing. 

Aerosol  thermal  mixtures  of  the  following  composition  were  sug¬ 
gested  for  the  extermination  of  insects  in  various  premises:  chlorophos, 

50  parts,  potassium  chlorate,  24  parts,  dicyandiamine,  17  parts,  and 
dextrin,  10  parts.  These  mixtures  are  placed  in  poly.>thylene  bags  and 
used  as  fumigation  material.  However,  these  mixtures  have  not  been 
widely  accepted. 

For  the  control  of  midget  aerosol  smoke-pots  are  widely  used, 
especially  outside  the  premises.  V.  A.  Nabokov  suggests  for  the  exter¬ 
mination  of  blood-sucking  insects  hexachloran  fumigation  pots  in  localities 
which  have  not  been  made  sufficiently  habitable.  The  industry  manufac¬ 
tures  aerosol  fumigation  pots  or  subliming  mixtures  of  the  following  com¬ 
position:  a)  DDT,  60  percent,  thiourea,  7.5  percent,  potassium  chlorate, 
22.3  percent,  ammonium  chloride,  10  percent;  b)  hexachloran,  60  per¬ 
cent,  thiourea,  7. 5  percent,  potassium  chlorate,  22.5  percent,  and  am¬ 
monium  chloride,  10  percent. 

For  the  preparation  of  such  mixtures  the  ingredients  are  weighed 
(according  to  the  recipe),  each  of  them  is  carefully  triturated  and  made 
into  a  powder  which  can  pass  through  a  sieve  of  150-200  openings  per 
square  centimeter.  The  ingredients  are  then  mixed  and  triturated  until  a 
homogeneous  mixture  of  white  powder  is  obtained.  To  this  finely  triturated 
mixture  one  adds  potassium  chlorate  which  has  been  preliminarily  pul¬ 
verized  and  passed  through  a  sieve  of  the  same  type.  The  mixture  contain¬ 
ing  all  compound  parts  is  then  stirred  until  a  homogenous  mass  is  ob¬ 
tained  and  placed  into  fumigation  pots. 

The  fumigation  pot  represents  a  metallic  or  cardboard  box  of  cyl¬ 
indrical  form  with  a  cover  containing  5-13  openings,  8  millimeters  in 
diameter.  To  avoid  the  loss  of  subliming  mixture  through  perforations 
in  the  cover  during  transportation  of  the  fumigation  pots  the  latter  are 
closed  from  the  top  with  another  cover  of  the  same  material;  the  covers 
are  fastened  by  tying  the  two  notches  on  the  rims  of  the  covers  with  two 
;trings  passing  through  the  notches  and  fastened  to  the  body  of  the  fumiga¬ 
tion  box;  the  covers  of  cardboard  boxes  are  pasted  up  with  paper. 

The  size  of  a  large  pot  is  80  x  130  mm;  it  holds  one  kilogram  of 
the  subliming  mixture  and  is  suitable  for  premises  of  150-200  cubic  meters; 
the  cover  has  13  openings.  The  size  of  a  medium  pot  is  70  x  80  mm;  it 
holds  up  to  0.5  kg  of  subliming  mixture  and  is  suitable  for  premises  of 
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75-100  cubic  meters;  the  cover  has  10  openings.  The  size  of  a  small  pot 
is  50  X  45  m.m;  it  holds  100  grams  of  mixture  and  is  suitable  for  premises 
of  15-25  cubic  meters. 

The  mixture  to  be  volatilized  is  ignited  through  the  central  opening 
in  the  cover  of  the  box  by  means  of  a  match  or  a  fuse  made  of  cotton 
string,  4-5  mm  in  diameter,  permeated  with  a  30-35  percent  solution  of 
I  potassium  nitrate  ar.d  dried  at  room  temperature.  One  can  also  employ 
success  fully  some  filter  paper  impregnated  with  the  same  solution  of 
potassium  nitrate  and  rolled  in  the  form  of  a  4-5-layer  tube,  of  an  outside 
diameter  of  4-5  cm  {Fig  3). 


Fig  3.  Insecticide  Hcxachloran  Boxes  of  the  NBKtype,  to  be  Used  Outdoors, 
a  --  general  view  of  the  unopened  box;  b  --  box,  ready  fer  fumigation 
(in  the  center  of  the  box  is  seen  the  end  of  the  thread  which  is  connected 
with  the  fuse);  c  --  general  view  of  the  testing  (neutral)  box  of  the  P'‘6 
type  for  the  determination  of  the  direction  of  air  currents  outdoors. 


Following  ignition  of  the  box,  the  mixture  becomes  dispersed  under 
conditions  of  optimal  temperature  (up  to  180°)  v/ith  a  vigorous  formation 
of  DDT  or  hexachloran  aerosols;  the  aerosols  are  of  white  color  and  do 
not  stain.  Numerous  tests  have  shown  that  the  process  of  aerosol  forma¬ 
tion  of  large,  medium,  and  small  fumigation  boxes  proceeds  within  a  very 
short  time  --  45-15  seconds,  respectively;  the  formed  aerosol  rises  to 
an  altitude  of  16  meters. 

Extermination  of  flying  insects  (flies,  midges  and  mosquitoes)  in 
100  mg/m^  of  treated  premises  can  be  accomplished  with  the  optimum 
dosage  of  DDT  transformed  into  aerosol. 

o' 


J97 


P.  G.  Sergiyev,  V.  A.  Nabokov  and  V.  V.  Burley  used  fumigation 
boxes  of  analogous  composition,  i.  e. ,  containing  DDT  and  achieved  via 
fumigation  an  almost  complete  extermination  of  mosquitoes  (Aedes  and 
Culex).  During  the  next  48  hours  of  the  experiment  the  number  of  mos¬ 
quitoes  remained  reduced  by  80-60  percent  as  compared  with  the  control 
area.  The  greatest  coagulation  of  smoke  and,  hence,  a  more  prolonged 
effect  was  observed  in  the  immediate  vicinity  of  the  source  of  smoke  forma¬ 
tion  --  a  fact  confirmed  by  the  following  data:  whereas  after  seven  days 
following  fumigation  at  a  distance  of  5  meters  from  the  box,  six  live  mos¬ 
quitoes  were  caught  on  a  square  meter  of  the  surface,  at  a  distance  of  10 
meters  18  were  caught,  and  at  a  distance  of  25  meters  --  28  mosquitoes. 

Outside  the  buildings,  the  boxes  are  used  in  the  morning,  at  day¬ 
break,  or  in  the  evening  when  there  are  no  ascending  air  currents  from 
the  earth's  surface,  in  calm  weather,  or. at  a  wind  velocity  of  not  more 
than  one  m/sec.  To  obtain  a  smeke  cloud,  the  boxes  ai  c  arranged  lineally 
along  the  front  of  the  fumigated  area,  at  a  distance  of  no  more  than  30-35 
meters  from  one  another.  Under  these  conditions  their  effect  is  mani¬ 
fested  at  a  distance  of  no  less  chan  300-350  meters.  No  combustible  ma¬ 
terial  (dry  grass,  brushwood,  etc.  ),  which  could  become  easily  ignited 
from  an  accidental  spark,  should  be  present  near  the  smoke  boxes. 

Toxic  phenomena  in  insects  (horseflies)  are  observed  within  5-10 
minutes,  at  a  distance  of  100-20C  meters:  at  greater  distances,  the  toxic 
phenomena  set  in  later;  bees  and  mosquitoes  are  highly  sensitive  to  these 
aerosols;  bees  perish  at  a  distance  of  up  to  750  meters,  mosquitoes  --up 
to  1500  meters  from  the  smoke  box. 

The  drawbacks  of  aerosols  are  that,  upon  their  use  outside  of  the 
premises,  at  an  unfavorable  direction  of  the  wind  and  ascending  air  cur¬ 
rents,  they  might  be  carried  away  far  from  the  treated  objects;  besides, 
a  considerable  amount  of  the  aerosol  does  not  settle  on  the  treated  area 
and  is  carried  off  into  the  atmosphere. 

In  animals  exposed  to  repeated  fumigation  (up  to  15  times),  at  a 
distance  of  10-50  meters,  no  special  deviations  from  norm  have  been  ob¬ 
served  clinically. 

A  vertical  device  --  cardboard  cylinder  filled  with  an  insecticide 
and  explosive  material  and  connected  with  a  tube  containing  an  ejector  -- 
rises  (following  ignition)  up  to  27  meters  and  explodes,  thus  forming  an 
insecticide  mist  which  settles  according  to  the  law  of  gravity.  These  de¬ 
vices  can  be  used  for  spraying  high  trees  as  well  as  objects  hidden  by 
bushes,  trees,  rocks,  etc.  The  formed  aerosols  cover  the  upper  and 
lower  sides  of  the  leaves. 

A  horizontal  rocket  --  a  device  which  is. a  cylinder  with  stabilizer 
"fins"  -•  conti.ins  an  ejector  and  an  insecticide.  The  base  of  the  rockee 
is  made  of  a  light  transportable  frame.  The  insecticide  is  ejected  by 
gaaea  and  forms  a  fairly  wide  dust  belt  of  approximately  275-450  meters. 
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The  rocket  can  be  ejected  between  rows  of  tree*  or  hills  in  a  poorly 
accessible  locality.  The  rockets  can  be  stored  for  long  periods  of  time; 
they  are  easily  transported  and  can  be  used  by  untrained  personnel. 

For  the  treatment  of  small  areas,  the  insecticide  powders  and 
dust  can  be  atomized  by  means  of  a  riffle  or  rocket  device.  The  manufa> 
ture  of  such  rockets  is  simple,  inexpensive,  and  requires  no  scarce  ma¬ 
terials. 

Aerosols  obtained  by  means  of  spraying  of  insecticide  solutions 
mechanically  with  the  aid  of  simple  devices,  complex  machines,  airplanes, 
etc. ,  can  be  employed  in  calm  weather  as  well  as  in  the  moving  air.  In 
calm  weather  the  drops  descend  and  hit  the  animals  in  direct  proportion 
to  the  amount  of  the  preparation,  precipitation  velocity,  and  temperature 
of  the  air.  More  drops  strike  flying  insects  than  the  sessile  ones. 

In  working  in  the  open  air,  the  best  effect  can  be  obtained  with 
drops  of.  10-20  microns,  under  conditions  of  normal  v/ind  velocity.  Li  the 
treatment  of  forested  areas,  it  is  best  to  use  drops  of  10-40  microns, 
because  100-micron  drops  do  not  penetrate  the  tree  tops.  If  the  treated 
insects  are  seated  on  the  lower  part  of  the  leaf,  it  is  best  to  use  10-20- 
micron  drops. 

By  means  of  large  and  complex  machines  fogs  can  be  obtained 
consisting  of  aerosols  (mist). 

Mists  arc  widely  used  outside  of  buildings  in  the  extermination  of 
flying  insects.  To  obtain  mists  several  types  of  generators  of  various 
power  have  been  developed  at  present:  their  yield  of  sprayed  substance 
varies  from  0.5  to  400  liters  per  minute.  The  most  powerful  TFA  (ther¬ 
mo-flue  apparatus)  generators  and  powerful  aerosol  generator  (PAG)  were 
suggested  by  the  Siberian  Branch  of  the  Academy  of  Sciences  USSR.  PAG 
is  capable  within  an  hour  to  cover  a  very  large  area  --  up  to  300  km^  -- 
with  insecticide  containing  mist.  These  machines  can  be  used  for  the 
protection  of  workers  employed  in  midge -irfested  localities. 

B.  V.  Yakovlev  and  V.  G.  Kern  investigated  the  feasibility  of 
using  aerosols  obtained  via  atomization  with  compressed  air  for  the  dis¬ 
insection  of  passenger  coaches,  and  established  thai  this  work  it  facili¬ 
tated  when  an  air  pipe  with  compressed  air  is  available  at  the  railroad 
equipment  yards.  A  systematic  impregnation  with  DDT  aerosols  of  the 
coaches  and  equipment  makes  it  possible  to  dispense  with  preventive 
powder  and  ^as  disinsection,  the  implementation  of  which  -s  difficult  and 
has,  besides,  a  number  of  major  shortcomings. 

The  use  of  compressed  air  for  obtaining  aerosols  can  be  accom¬ 
plished  also  by  attaching  a  rubber  hose  to  the  air-pipe  which  connects  the 
coaches. 

Spraying  of  the  solution  can  be  successfully  carried  out  by  means 
of  a  pulverizer  pistol  employed  in  the  bvdlding  industry.  They  transform 
the  solutions  into  a  mist-like  state,  the  particles  being  of  4-20  microns. 
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A  strongly  ejected  aerosol  stream  directed  to  the  nestling  loci  of 
insects  ensures  a  high  disinsecting  effect  The  processing  of  a  coach 
takes  five  minutes. 

One  of  the  advantages  of  treating  coaches  with  aerosols  is  the  fact 
that  it  is  carried  out  directly  at  the  equipment  tracks;  it  eliminates  the 
need  for  delivering  coaches  to  special  tracks  and  shortens  their  out>of* 
service  time. 

Thus,  the  presence  at  railroad  yards  of  compressed  air  employed 
for  the  testing  of  brakes  makes  it  possible  to  utilize  this  powerful  energy 
in  obtaining  aerosols  without  any  special  technical  eqr'pment. 

The  use  of  aerosols  for  the  extermination  of  flies  in  populated 
localities  is  of  little  effect.  Wilson  and  La  Brecque  sprayed  for  the  ex> 
termination  of  flies  0.1.  percent  of  diazinone,  2  percent  ronnel,  2  percent 
malathione.  0. 1  percent  alletrine,  0. 1  percent  pyrethrin,  2  percent 
bromo-piperonyl  ester  of  chrysanthemic  acid,  or  the  2,  4-dimethylbenzene 
ether  of  the  same  acid  with  alletrine  and  piperonylbutoxide  (1:10);  the 
solutions  were  sprayed  in  the  form  of  a  mist  five  times  weekly;  the  effec¬ 
tiveness  was  determined  according  to  the  periodic  catch  of  flies  on  sticky 
paper.  The  authors  established  that  as  a  result  of  the  use  of  all  the  above - 
enumerated  insecticides  the  number  of  flies  decreased  by  no  less  than  90 
percent  within  10  minutes  following  spraying,  but  after  24  hours  the  num¬ 
ber  of  flies  became  fully  restored.  These  sprayings  were  continued  for 
three  weeks,  but  they  resulted  only  in  a  slight  decrease  of  the  populations; 
this  was  due  to  the  fact  that  piles  of  manure  were  in  abundance  around  the 
cow-sheds  where  the  spraying  was  carried  out. 

GASES  AND  VAPORS 

Quite  frequently  gases  and  vapors  are  employed  in  the  disinsection 
branch  which  little  differ  from  each  other  in  their  properties:  therefore, 
the  division  into  gases  and  vapors  is  arbitrary.  Vapors  are  substances 
in  a  gaseous  state  at  temperatures  below  critical  ones,  i.  e. ,  under  con¬ 
ditions  of  equiponderant  coexistence  with  the  same  substance  in  a  liquid 
state*  For  their  use  see  the  Chapter  "Gaseous  and  Vaporous  Substances 
(Fumigants)  Employed  for  Disinsection  Purposes." 

SOLUTIONS  OF  INSECTICIDES 

Insecticide  solutions  similarly  to  the  solutions  of  an/  other  sub¬ 
stances  are  homogenous  mixtures  of  two  or  more  preparations  in  which 
all  components  are  in  a  molecular  dispersion  state  and  are  distributed  in 
the  form  of  individual  particles  or  groups  of  a  relatively  small  number  of 
particles  •-  molecules,  ions,  atoms.  The  concentration  of  the  solution  is 
expressed  variouslys  in  weight  or  atomic  units,  or  in  moles  per  liter  solu- 
tioqs,  etc. 


As  to  the  content  of  the  insecticide,  concentrated  solutions  are 
differentiated,  in  which  the  amount  of  the  preparation  is  high  as  compare< 
to  the  amount  of  the  solvent,  atid  diluted  solutions  in  which  the  amount  of 
the  diluted  insecticide  is  small  as  compared  to  the  amount  of  solvent. 

As  to  the  chemical  nature  of  the  solvent,  one  differentiates 
aqueous  solutions  (the  solvent  is  water)  and  non*aqueous  (the  solvent  is 
an  organic  or  inorganic  compound)  solutions,  both  remaining  liquid  at 
room  temperature:  they  include  also  solutions  in  compressed  gases  -- 
freon,  sulfur  dioxides,  methyl  bromide,  etc. 

The  solutions  of  high-molecular  compounds  possess  characteristic 
viscosity:  at  high  concentrations  they  manifest  abnormal  viscosity  and 
may  form  gels. 

The  solvent  and  concentration  of  the  active  substance  are  such  that 
the  solution  can  be  used  directly  but  usually  these  solutions  are  sold  in 
concentrated  form  and  they  have  to  be  diluted  prior  to  using.  The  sim¬ 
plest  case  is  when  the  solution  is  water-soluble,  but  many  insecticides  are 
not  water-soluble  or  very  poorly  soluble.  These  preparations  are  dis¬ 
solved  in  oils  or  other  organic  solvents.  Of  organic  solvents  most  fre¬ 
quently  used  arc  kerosene,  turpentine,  white  spirit  and  solar  oil.  Upon 
dilution  of  water-soluble  solutions  of  the  preparation  in  organic  solvents 
an  insecticide  in  a  finely-dispersed  state  is  obtained. 

Of  great  importance  is  the  water -solubility  of  preparations  em¬ 
ployed  for  the  treatment  of  surfaces.  An  important  part  is  played  by  the 
quality  of  the  water.  Their  effectiveness  is  affected  by  salts  present  in 
large  quantities  in  the  water,  especially  alkaline  salts  (of  sodium,  potas¬ 
sium,  etc. )  and  calcium  salts  in  tlie  form  of  sulfates  or  bicarbonates. 

They  may  enter  into  combination  with  the  preparations,  thus  affecting  the 
insecticide  properties  of  the  latter. 

Effectiveness  of  the  solutions  also  depends  on  the  moistening 
properties  of  the  solvent.  Upon  spraying  with  contact  and  intestinal 
poisons  it  is  desirable  that  the  fluid  spreads  as  much  as  possible  over  the 
surface. 

The  spreading  and  running  of  .'he  fluid  in  the  form  of  a  dr  >p  over 
the  surface  of  a  hard  object  to  be  disinsected  takes  place  under  the  effect 
of  molecular  cohesion  forces.  The  spreading  is  the  result  of  moistening; 
the  ability  of  becoming  moistened  depends  on  surface  tension.  Since  the 
spreading  is  always  connected  with  the  increase  of  the  area  occupied  by 
the  spreading  fluid,  the  spreading;  is  impeded  by  the  surface  tension  at  the 
borderline  with  the  air.  The  spreading  of  a  drop  of  water  is  the  indicator 
of  the  purity  of  hard  surfaces  (glass,  for  instance),  i.  e. ,  the  absence  of 
fat  contaminations  in  them.  The  spreading  is  the  essential  condition  for 
the  uniform  covering  of  the  surface  with  a  thin  film.  For  better  moisten¬ 
ing  one  adds  various  substances  to  the  solutions  which  reduce  the  surface 
tension  of  the  solution  (Petrov's  contact,  soapk  casein,  suUuriaed  com- 
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pounds,  sulfate  alcohols,  etc. ).  Correctl/  chosen  mixtures  (surface- 
active  substances)  contribute  to  .he  formation  of  minutest  drops  during 
spraying  which  thus  prevents  the  rolling  down  of  the  solutions  from  the  ' 
surfaces.  The  addition  of  washing  substances  and  moisteners  ensures  the 
spreading  of  water  over  a  usually  hydrophobic  surface. 

The  external  layer  of  the  cuticle  of  insects  consists  of  lipoids  and 
is  easily  moistened  with  oils:  therefore,  an  oil  solution  of  a  contact  in¬ 
secticide  is  more  effective  than  an  aqueous  solution.  Oil  films  containing 
DDT  and  hexachloran  on  non-absorbing  materials  (glass,  metal)  are  highly 
toxic  at  first;  subsequently,  when  the  solvent  has  evaporated  there  appear 
over-saturated  drops  and  dry  crystalline  deposits,  and  the  insecticide 
properties  on  the  surface  diminish.  Thus,  the  transition  from  moist  to  a 
dry  state  (on  the  surface)  is  characterized  by  a  considerable  reduction  of 
effectiveness. 

The  surface  covered  by  the  particle  of  liquid  insecticide  (a  drop) 
is  larger  than  the  one  covered  by  the  same  amount  of  preparation  used  in 
a  powder  form.  This  is  due  to  the  fact  that  a  drop  of  solution  of  contact 
poison,  upon  touching  the  surface,  spreads  out,  and  after  drying  produces 
not  one  minute  particle  but  numerous  similar  particles  (crystals).  The 
size  of  particles  formed  upon  spraying  equals  10-180  microns,  depending 
on  the  design  of  the  employzed  nozzle.  Relatively  inactive  dry  deposits 
can  be  reactivated  following  spraying  with  solvents. 

Crystallization  can  be  induced  by  mechanical  stimulation  or  by  in¬ 
sects  crawling  on  the  treated  surface.  A  prolongation  of  the  period  of  ef¬ 
fectiveness  can  be  achieved  by  introducing  in  the  solution  some  non¬ 
volatile  oil  or  substance  which  retards  crystallization  (5  percent  lanolin 
to  a  kerOi>ene  solution  of  DDT,  etc. ).  The  crystallization  sets  in  much 
slower  from  the  solutions  of  non-purified  DDT  than  from  solutions  of  a 
pure  pp'  --  DDT. 

Upon  using  oil  solutions  on  the  absorbing  materials,  the  initial  high 
toxicity  is  not  always  observed  because  the  oil  penetrates  inside  the 
treated  object.  In  this  connection,  a  loss  of  the  insecticide  is  observed  on 
the  surface  where  only  a  part  of  the  used  dosage  remains.  About  50  per¬ 
cent  DDT  if  left  on  wood;  on  clay  surfaces  we  observed  only  8-19  percent 
DDT  in  the  surface  layers,  0.1  mm  thick;  upon  spraying  of  leaves,  up  to 
50  percent  of  the  insecticide  was  lost  as  a  result  of  absorption.  One  of 
the  causes  of  the  loss  of  effectiveness  upon  processing  of  cattle  with  oil 
solutions  of  DDT  is  their  absorption  through  the  skin  of  animals. 

Deep  penetration  of  the  insecticides  upon  surface  spraying  does  not 
mean  final  loss  of  effectiveness,  since  as  a  result  of  crystallization  the 
preparation  reappears  on  the  surface.  For  instance,  a  noticeable  increase 
of  effectiveness  was  observed  on  flies  on  wooden  surfaces  treated  with  a 
.  kerosene  solution  of  DDT,  during  the  interval  between  the  first  and  second 
oheck-upi  after  four  weeks,  a  mass  of  crystals  appeared  on  the  surface. 
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The  "blossoming"  of  DOT  and  some  other  insecticides  is  most  clearly 
manifested  on  porous  substances  such  as  wood,  paper  and  some  clothing, 
but  it  is  not  observ-a.ble  on  clay  and  plastering.  The  physical  state  of 
"blossoming"  varies  depending  on  the  insecticide,  as  well  as  on  the 
volatility  of  the  solvent,  includi.',g  also  the  solvent  properties  of  the  oil. 
From  a  kerosene  solution  of  DDT  thin  acicular  crystals  are  formed  (on 
porous  materials),  which  are  easily  absorbed  by  the  insects. 

To  prevciit  crumbling  or  shaking  off  of  the  insecticide  (following 
evaporation  of  the  solvent)  and  to  fasten  it  on  the  treated  surface  or  tis¬ 
sues,  gluing  substances  are  added  to  some  insecticides.  Each  insecticide 
possesses  a  definite  adherent  property,  which  depends  on  the  property  of 
the  insecticide  itself  or  its  special  ingredients  (fasteners  or  spreaders). 
For  better  adherence  one  adds  skimmed  milk,  sugar,  molasses,  starch, 
glue,  gelatine,  dried  blood  plasma,  etc.  ;  one  may  also  add  from  50  to 
100  grams  of  paste  per  100  liters  of  the  solution.  However,  it  should  be 
kept  in  mind  that  the  excessive  addition  of  these  substances  to  the  prepara¬ 
tion  reduces  its  insecticide  properties. 

An  insecticide  employed  for  the  covering  of  external  surfaces,  as 
well  as  for  the  extermination  of  lice,  should  possess  still  another  positive 
characteristic,  namely,  insolubility  in  water;  water-soluble  insecticides 
are,  of  couj-se,  suitable  preferably  for  use  inside  living  quarters.  Out¬ 
side  of  suc.4  quarters  the  insecticides  are  rapidly  washed  off  by  rain,  es¬ 
pecially  when  they  are  usea  for  treating  the  external  surfaces  of  buildings, 
garbage  containers,  etc. 

The  advantage  of  spraying,  as  compared  to  dusting,  lies  in  the 
more  economical  use  of  poisons  which  are  easily  retained  on  the  surfaces 
and  in  the  high  effectiveness  of  such  processing.  In  processing  large  out¬ 
side  areas,  spraying  has  the  drawback,  as  compared  with  dusting,  that  it 
is  more  labor -consuming,  the  consumption  of  water  is  considerably  greater 
and  the  results  are  less  effective.  The  spraying  is  carried  out  early  in  the 
morning  or  in  the  evening  by  means  of  apparatus  or  machines  of  various 
designs.  Weather  conditions  should  be  taken  into  account.  For  instance, 
the  spraying  should  not  be  performed  prior  to  a  rain  or  immediately  after 
a  rain  --or  under  abundant  de  .v  conditions  --or  when  the  wind  velocity 
is  higher  than  5  meters  per  second.  The  spraying  of  plants  should  be 
completed  3-4  weeks  prior  to  harvest  time. 

In  countries  with  a  warm  climate  .and  high  insolation  the  ultraviolet 
rays  decompose  DDT  in  the  oil  films  and  reduce  their  effectiveness. 

Special  apparatus  are  used  in  spraying  (hydrostands,  dyestands, 
etc. )  which  produce  minutest  drops.  The  effectiveness  of  this  method  de¬ 
pends  on  the  uniform  dispersion  of  the  fluid  which  covers  the  sprayed  sur¬ 
faces  and  on  the  ability  of  the  fluid  to  spread. 

It  is  not  permitted  to  use  solutions  prepared  from  gasoline,  ben- 
sene  and  other  easily  inflammable  substances  for  an  over-all  proc'  asing 


of  the  premises  since  they  are  fire  hazards.  They  can  be  used  for  selec¬ 
tive  processing  of  places  of  insect  proliferation.  In  the  extermination  of 
bedbugs  it  is  best  to  use  kerosene  solutions  of  insecticides. 

POWDERS  AND  DUSTS 

Insecticide  powders  are  finely  triturated  preparations  which  are 
used  without  the  addition  of  fillers.  Dusts  (from  the  English  word  "dust") 
are  powoers  of  preparations  mixed  with  inactive  fillers.  Powder  prepara¬ 
tions  have  been  used  for  a  long  time.  For  instance,  pyrethrum  has  been 
used  as  an  insecticide  in  everyday  life  since  the  17th  century. 

In  view  of  the  high  toxicity  of  the  majority  of  poisons  used  in  sani¬ 
tary  practice,  as  well  as  burns  in  plants  which  resulted  from  the  use  of 
some  of  them  in  pure  form  in  agriculture,  fillers  are  added  to  the  insec¬ 
ticides.  . 

The  amount  of  an  insecticide  in  the  dust  depends  on  the  degree  of 
its  toxicity.  Dusts  may  sometimes  contain  a  pure  preparation  in  only 
hundredths  of  one  percent.  Two  methods  are  employed  in  the  preparation 
of  a  dust:  1)  the  insecticide  is  introduced  directly  by  mixing  it  with  a 
filler,  or  2}  the  insecticide  is  added  in  the  form  of  a  solution  to  an  organic 
volatile  solvent  and  mixed  with  it.  As  fillers  one  employs  talcum,  kaol'n, 
pyipphyllite,  ash  which  has  been  obtained  upon  burning  of  cpal  yielding 
high  ash  content  (Table  23).  The  presence  of  up  to  3  percept  carbon  in 
the  ashes  prevents  lumping  of  the  dust  insecticide.  The  size  of  a  particle 
of  talcum  and  pyrophyllite  is  30-40  microns.  The  specific  gravity  of 
ashes  and  talcum  is  about  2.6-2.65  g/cm^,  and  of  its  bulk  density  -- 
0.92-1.15  kg/liter. 

In  selecting  a  filler  all  possible  metliods  of  the  use  of  the  prepara¬ 
tion  should  be  taken  into  account,  as  well  as  the  chemical  properties  of 
the  filler  itself,  because  some  iron  compounds  (iron  salts),  for  i.istance, 
accelerate  the  decomposition  of  some  insecticides  (DDT,  etc. )  which  is 
accompanied  by  the  liberation  of  hydrogen  chloride.  Ashes  cannot  be  used 
in  the  manufacture  of  dust  from  an  insecticide  possessing  a  strong  acid  re¬ 
action,  because  the  filler  in  this  case  neutralizes  and  destroys  the  insec¬ 
ticide  (industrial  chlorophos,  for  instance). 

The  effect  of  the  nature  of  filler  on  the  effectiveness  of  the  prepara¬ 
tion  has  been  insufficiently  investigated;  there  are  indications  that  dusts 
mixed  with  some  fillers  (CaCO^,  for  instance)  are  retained  by  the  insects 
much  better  than  dusts  with  other  fillers.  According  to  the  data  of  L.  N. 
Pogodina,  dusts  mixed  with  a  clay  filler  possess  greater  adherent  proper¬ 
ties;  the  adherence  of  dusts  on  talcum  and  kaolin  is  somewhat  lower  than 
on  clay.  However,  their  effectiveness  is  nearly  the  same.  The  relatively 
higher  effectiveness  of  dusts  as  compared  with  othe**  preparations  can  be 
attributed  to  their  easier  separation  from  the  surface  and  adherence  to  the 
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insects.  The  quality  of  the  dust  depends  to  a  considerable  extent  on  the 
thorough  uniform  mixing  of  the  chemical  poison*  with  the  filler. 

Table  23 


Chemical  Composition  of  Fillers 


Content  in  % 

Filler 

SlOi 

AJsOi 

USO 

1 

TlOi 

1  c*o 

KiO 

KfttO 

c 

Talcum  1 

30-fiO 

0,3—2 

17—32 

4,3-18 

— 

0,3-13 

— 

— 

— 

Enriched  kaolin  j 

18-40 

b.2-2 

0,2-1 .2 
0,4-7 

0.8-1.1 

k.18-1 

0,1 

0,18 

0-0,2 

0,1-0 

Pyrophyilite 

47—73 

13-37 

0.1-1, 8 

0,2-4 

— 

Ashes  obtained  from 

coal  of  the  Moscow 
Area  Coal  Basin  and 
collected  by  TETs 
electric  filters 

45-^ 

21-20 

1,8-2 

10-11 

8-11 

0.2-O.8 

Ashes  obtained 
upon  burning 
ash  coal  of 

Ural  deposits 

44-46 

i 

28-30 

18-18 

0.5-1 

2-S 

Lisecticide  dusts  are  manufactured  under  plant  conditions;  they 
represent  particles  of  the  filler  covered  with  an  insecticide  film  or  par¬ 
ticles  of  the  filler  with  adherent  particles  of  the  insecticide,  or  separate 
particles  of  filler  and  insecticide. 

To  obtain  the  greatest  effectiveness  the  dust  is  obtained  in  a  finely 
dispersed  form,  i.  e. ,  ground  so  fine  that  the  particles  would  passthrough 
a  120-mesh  screen.  The  residue  on  such  a  screen  should  not  exceed 
2  percent.  Particular  attention  should  be  paid  to  the  degree  of  adhesive¬ 
ness  of  the  dust.  One -percent  spindle  oil  added  to  dust  in  the  form  of  a 
solvent  of  the  insecticide  contributes  to  a  better  adhesion  of  the  prepara¬ 
tion  on  processed  surfaces.  Besides,  the  presence  of  oil  in  tlie  pulver¬ 
ised  larvicide  preparations  used  for  the  extermination  of  malarial  mos¬ 
quito  larvae  increases  the  floating  (navigaUoxutl)  properties  of  these  prep¬ 
arations. 

It  has  been  establicHed  that  the  removal  of  moisture  causes  a 
slight  rise  in  the  suspension  properties:  heating  for  an  hour  up  to  70^ 
also  increases  the  property  of  forming  suspensions  (probably  as  the  effect 
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of  drying);  heating  up  to  temperatures  over  70^  for  an  hour  causes  a  de¬ 
crease  of  suspension  properties;  low  pressure  {25  g/cm^)  exerts  a  slight 
effect  on  the  suspension  properties,  but  pressure  of  7  kg/cm^  and  higher 
changes  these  properties  proportionally  to  pressure. 

The  dusts  have  one  common  defect:  a  short  duration  of  the  insec¬ 
ticide  effect  on  the  surfaces  as  a  result  of  washing  off  by  rain,  blowing 
off  by  wind,  evaporation  under  the  effect  of  sun  rays  and  air  temperature. 
Therefore,  the  dust  toxicity  to  insects  is  somewhat  lesser  as  compared 
^ith  emulsions  and  solutions  of  the  same  concentration.  The  quality  of 
^e  dust  depends  to  a  great  extent  on  the  uniformity  of  mixture  of  chemical 
poisons  with  the  filler.  Dusts  are  very  convenient  from  the  practical 
standpoint  on  account  of  the  simplicity  of  their  use;  they  need  no  dissolv¬ 
ing  in  water,  as  is  mandatory  in  the  case  of  moistened  powders  and  emul¬ 
sions. 


In  storing  dusts  in  a  thin  layer  in  open  bowls  the  darker  dusts 
would  lose  their  toxicity  somewhat  faster  on  account  of  the  higher  tem¬ 
perature  of  these  dusts  under  the  effect  of  direct  exposure  to  the  sun.  In 
view  of  the  fact  that  they  are  kept  under  sheds  or  inside  the  premia  .^s.  it 
should  be  considered  that  the  coloration  factor  is  of  no  substantial  im¬ 
portance  to  their  effectiveness.  The  length  of  preservation  of  the  eTec- 
tiveness  of  a  given  dust  depends  on  the  physico-chemical  properties  of 
the  insecticide.  For  instance,  hexachloran  dusts  lose  their  effectiveness 
at  least  twice  as  fast  as  compared  with  DDT  dusts.  Deterioration  of  a 
dust  depends  on  the  presence,  of  iron  and  hydrochloric  acid  in  the  filler. 

According  to  the  data  of  K.  A.  Gar  and  V.  I.  Chernetsov,  hexa¬ 
chloran  dust  kept  in  a  bowl  would  lose  25  percent  of  its  activity  within 
70  days.  In  investigating  the  effect  of  a  filler  on  the  loss  of  effectiveness, 
the  authors  established  that  within  47  days  dusts  mixed  with  Shibyarov  and 
U'men  talcum  lost  35  percent  of  activity:  with  Miassy  talcum,  22  percent; 
with  kaolin,  80  percent;  and  with  ashes,  5  percent. 

Dusts  containing  phosphoroorganlc  insecticides  are  highly  effective 
(K.  A.  Gar,  et  al.  ). 

One  of  the  basic  qualities  of  dust  preparations  is  their  dispersion 
property  or  the  extent  to  which  tne  particles  can  be  crushed.  More  finely 
ground  preparations  are  easily  pulverizied  and  are  better  able  to  adhere 
to  and  remain  on  a  treated  surface,  whereas  particles  of  a  coarser  grind 
are  easily  shaken  off.  Besides,  when  coarsely  ground  preparations  are 
used  as  intestinal  poieons,  the  insects  ar  not  always  able  to  swallow 
large  particles  on  account  of  the  small  size  of  their  buccal  openi.ig  (O.  F. 
Kolesova). 

Powders  and  dusts  are  applied  to  the  treated  objects  via  pulveriza¬ 
tion.  This  is  one  of  the  methods  of  chemical  control  of  arthropo^^s  -  car¬ 
riers  of  ixifeccious  diseases,  pests,  and  diseases  of  agricultural  plants  -- 
where  the  surface  to  be  treated,  as  well  as  the  arthropods,  are  dusted  with 
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finely  ground  dust-like  toxic  powder.  In  sanitary  practice*  sprinkling  is 
employed  for  the  extermination  of  malaria  mosquitoes*  their  larvae* 
other  insects,  ticks*  and  rodents. 

Particles  smaller  than  20  microns  are  picked  up  easier  and  sep¬ 
arated  with  more  difficulty  from  the  insect  than  large  particles.  The 
amount  of  picked-up  insecticide  during  a  definite  period  of  contact  varies* 
and  depends  on  the  type  of  insect*  structure  of  its  legs*  and  behavior. 

For  instance,  the  size  of  particles  is  very  important  in  the  poisoning  of 
Anopheles  mosquitoes  which  remain  immobile*  as  compared  with  Aedes 
which  arc  constantly  moving  about  the  surface.  This  fact  was  observed 
in  regard  to  DDT,  metoxychlorine*  and  DDD*  but  it  is  less  noticeable  in 
regard  to  aldrin,  gamma -hexachlo ran  and  dildrin  because  these  compounds 
are  much  more  toxic  than  DDT,  and  even  a  few  particles  of  these  poisons 
picked  up  by  the  insect  have  a  lethal  effect. 

Dust  preparations  are  used  for  dusting  water  areas  contaminated 
with  malarial  larvae.  These  preparations  must  not  only  settle  rapidly 
from  the  air  on  the  surface  of  the  pond  but  also  must  spread  out  over  the 
water  surface  and  remain  on  it  for  a  prolonged  period  of  time.  The 
preparations  have  to  be  of  a  fine  grind  and  contain  spreader  substances  in 
their  composition. 

Powders  of  a  coarse  grind  are  ineffective  and  caimot  be  employed 
in  the  control  of  malaria  mosquitoes  because  they  cannot  be  absorbed  by 
their  larvae,  since  the  buccal  openings  in  young  larvae  reach  only  30 
microns.  According  to  the  data  of  the  Institute  of  Medical  Parasitology 
and  Tropical  Medicine  of  the  Ministry  of  Health  USSR,  Paris  green*  15-30 
microns  in  d' ''.meter*  is  more  effective  than  the  same  Paris  green  con¬ 
sisting  of  larger  particles.  Obviously,  also  the  powdar  particles  of  other 
insecticides  should  not  be  larger  than  15-30  microns. 

For  the  control  of  bedbugs  and  cockroaches  the  particles  of  dust-  ' 
like  insecticidss  should  not  exceed  20-25  microns*  since  they  adhere  bet¬ 
ter  and  remain  on  the  body  of  the  insect. 

The  size  of  particles  is  limited  by  the  technical  possibilities  of 
grinding.  Upon  dusting  of  surfaces,  the  speed  of  precipitation  of  the 
preparation  depends  on  th<‘  size  of  particles.  The  smaller  the  particles 
the  slower  they  precipitate  on  the  treated  surface.  Particles  of  2.5  mi¬ 
crons  in  diameter  are  precipitated  from  the  air  at  the  speed  of  0.047  cm/ 
/sec;  those  of  10  microns,  at  0.817  cm/sec;  20  microns*  3.26  cm/sec; 

30  microns,  7.3  cm/sec;  50  microns*  20-43  cm/sec;  75  microns*  46.6 
cm/sec;  100  microns,  81.71  cm/sec  {A.  L.  Yefimov). 

Of  particular  importance  is  the  size  Oi*  particles  in  aviodusting 
because  when  finely  ground  particles  are  used  the  air  motion  may  carry 
away  up  to  75  percent  of  the  preparation  from  the  treated  section.  Par¬ 
ticles  of  coarsely  ^und  poison  fall  out  under  the  plane  in  a  narrow  rib¬ 
bon  --a  fact  which  leads  to  the  over-consumption  of  the  poison.  It  has 


been  established  in  practice  that  in  aviodusting  partic^M  of  the  size  of 
20-40  microns  should  be  used.  I  Jm 

In  the  case  of  plant  lice,  particles  of  4  micron»re  most  effec¬ 
tive:  for  flies,  10-20  microns;  for  bedbugs  and  cockroaches,  20-25  mi¬ 
crons:  particles  of  these  sizes  are  more  toxic  than  crystals  of  30  mi¬ 
crons  because  they  adhere  better  and  are  retained  on  the  surface  of  the 
insect's  body.  Thus,  for  some  arthropods  the  optimum  size  of  crystals 
is  20-40  microns,  and  for  others  --  smaller  sizes,  or  larger  sizes  in 
some  cases. 

It  has  been  established  that  the  pick-up  of  dust  (of  lipophilic  dyes) 
during  a  single  contact  of  insects  of  various  size  and  structure  with  the 
insecticide -treated  surface  differs  little  in  each  species;  large  insects 
pick  up  more  in  a  single  contact,  but  in  smaller  insects  the  pick-up  of  the 
dust  per  unit  of  body  weight  is  higher.  The  hind  legs  of  the  insect  pick 
up  about  the  same  amount  picked  up  by  the  middle  and  anterior  legs  to¬ 
gether.  The  first  segments  of  the  posterior  tarsi  pick  up  more  particles 
than  the  remaining  segments.  Upon  the  presence  of  30  mcg/cm^  (300 
mg/m^)  of  the  preparation  on  the  surface,  the  pick-up  of  particles  by  the 
posterior  legs  varies  from  50  to  59  percent,  by  the  middle  legs  --  21  to 
29  percent,  by  the  anterior  legs  --  15  to  27  percent.  The  average  pick-up 
during  a  single  contact  is  1.7  micrograms  (at  the  average  weight  of  the 
insect,  0.006-0.147  grams);  the  average  pick-up  of  the  insecticide  per 
gram  body  weight  is  11.4  to  167  micrograms. 

The  insects  transfer,  by  means  of  their  cleansing  movements, 
particles  of  the  preparation  from  one  part  of  the  body  to  the  other,  al¬ 
though  the  amount  of  particles  decreases  under  these  conditions. 

The  degree  of  grinding  (dispersion)  is  most  frequently  determined 
in  the  weighed  portion  and  passing  the  dust  through  the  sieve  with  a  cer¬ 
tain  number  of  openings,  or  one  determines  under  the  microscope  the 
number  of  particles  of  various  sizes  and  calculates  their  percentage  cor¬ 
relation.  The  size  and  the  number  of  the  sieve  is  established  according 
to  the  number  of  openings'  (meshes)  or  threads  per  square  centimeter. 

Dust  preparations  may  become  lumped  during  storage  (cake); 
therefore,  prior  to  use  they  should  be  triturated,  but  in  these  cases  their 
adhesix'e  property  to  a  given  surface  is  considerably  weaker  than  that  of 
preparations  which  have  not  undergone  caking  under  storage  conditions. 
Their  lm7iping  is  caused  mainly  by  hygroscopical  property,  the  presence 
of  admixtures,  the  shape  of  the  particles,  their  specific  gravity,  and  to 
some  extent  by  the  electric  charge  of  the  particles. 

As  a  filler,  finely  porous  or  coarsely  porous  silica  gel  is  suitable 
for  the  preventing  of  lumping.  The  addition  of  14  percent  of  silica  gel 
completely  prevents  the  lumping  of  the  preparation. 

The  hygroscopic  property  of  the  preparation  is  its  ability  to  absorb 
moisture  from  the  ^  Insecticides  possessing  no  more  than  2  percent 
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moisture  at  air  humidity  of  80  percent  are  considered  most  acceptable  for 
use.  Upon  shipping  from  the  plant  the  dust  insecticides  should  not  contain 
more  than  one  percent  moisture.  Paris  green  and  arsmal  are  an  excep¬ 
tion:  moisture  in  the  first  one  may  reach  1.2  percent*  and  in  the  second  -- 
2  percent.  . 

As  to  the  shape  of  particles*  oval  particles  are  better  than  flat  or 
crystalline. 

Works  carried  out  in  dusting  from  airplanes  of  dust-like  larvicides 
for  che  extermination  of  malaria  mosquitoes  showed  that  powders  of  a 
globular  shape  possess  lesser  surface  and  lesser  propensity  of  scattering 
in  the  air.  Particles  with  numerous  facets  form  a  wider  dust  wave  and 
settle  slower  than  particles  of  globular  shape.  Upon  their  ent.’y  into  the 
intestine  of  an  insect,  particles  of  irregular  shape  are  easier  dissolved, 
other  conditions  being  equal.  One  should  not,  apparently,  attach  much 
importance  to  the  form  of  crystals  because  it  depends  also  on  the  solvent. 

It  has  been  established  that  the  amount  of  dust  applied  to  a  unit  of 
surface  is  of  relatively  small  importance  as  far  as  its  effectiveness  is 
concerned.  The  basic  role  in  this  respect  is  played  by  the  concentration 
of  the  insecticide  in  the  dust.  At  the  same  norm  of  insecticide  consump¬ 
tion  per  square  meter  of  surface,  concentrated  dust  is  more  effective  tham 
a  less  concentrated  one. 

Moistened  dusts  represent  a  finely  triturated  insecticide  (approxi¬ 
mately  30-90  percent  of  insecticide)  mixed  with  a  filler  and  with  a  surface- 
active  lowering  preparation  (the  moistening  agent),  or  em\U.gator.  Sur¬ 
face-active  lowering  preparations  are  called  preparations  which  lead  into 
a  direct  contact  the  surfaces  of  two  phases  (see  "Suspensions"). 

Investigation  of  the  dependence  of  the  quality  of  a  preparation  on  the 
type  of  filler  showed  that  best  results  are  obtained  upon  the  use  of  second- 
grade  kaolin.  As  an  adherent  for  these  preparations  one  can  successfully 
employ  potato  dextrin  added  to  the  preparation  in  the  aunount  of  3  percent 
(L.  N.  Pogodina). 

GRANULATED  INSECTICIDES 

For  the  control  of  noxious  insects  inhabiting  the  soil,  a  new  form 
of  the  use  of  insecticides  has  been  suggested  --  granulated  insecticides. 
Various  "inert"  substances  arc  used  as  granules.  The  particles  (gran¬ 
ules)  must  pass  through  a  30-60-mesh  screen.  The  granules  are  impreg¬ 
nated  with  the  insecticide.  It  was  calculated  that  one  gram  of  a  granulated 
preparation  contains  approximately  30,  000  granules. 

The  effectiveness  of  granulated  preparations  depends  on  the  speed 
of  liberation  of  insecticides  from  the  granules.  The  basic  factors  deter¬ 
mining  the  speed  cf  insecticide  liberation  are  the  properties  of  the  prep¬ 
aration  and  auxiliary  substance*  as  well  as  the  method  of  obtaining  the 
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granule^.  The  size  of  the  granules  carrier  (within  20-60  meshes)  plays  a 
lesser  part. 

Upon  uniform  distribution  of  the  granulated  insecticide,  calculated 
as  15  kg/hectare,  about  45,  Ol  C  '.i3.r;;fcles,  or  4.5  particles  per  square 
centimeter,  will  descend  on  each  square  meter;  upon  a  twofold  increase 
(30  kg/hectare)  of  the  amount  of  the  distributed  preparation,  the  number 
of  particles  per  square  centimeter  will  rise  to  nine  particles. 

This  number  of  particles  is  quite  sufficient  to  achieve  a  contact  of 
the  insect  with  the  insecticide.  The  amount  of  insecticide,  or  toxicant, 
which  absorbs. the  inactive  granulated  substance,  is  very  important  in  the 
composition  of  the  recipe.  The  amount  of  the  insecticide  may  vary  from 
5  percent  to  50  percent  by  weight;  preparations  with  a  5  percent  content 
of  the  insecticide  are  easily  dispersed  from  any  given  apparatus  (Mulla). 
Any  preparation  absorbed  by  an  inert  substance  can  become  a  granulated 
insecticide. 

Granulated  insecticides  have  the  advantage  over  dusts  in  that, 
under  favorable  conditions,  they  do  not  adhere  to  the  leaves  and  faU  down 
to  the  surface  of  (he  soil.  Granulated  insecticides  can  be  used  not  only 
for  the  extermination  of  insects  --  agricultural  plant  pests  --  but  also  of 
other  arthropods,  including  carriers  of  the  causative  agents  of  infectious 
diseases. 

In  the  majority  of  cases  one  does  not  adhere  strictly  to  the  above- 
mentioned  sizes  of  granules:  for  example,  in  California,  USA,  in  1950- 
}954  granulated  insecticides  were  used  which  could  pass  through  a  10-20- 
yiiesh  screen,  15-24-me8h,  and  20-30-mesh  screens.  At  present,  most 
widely  employed  are  bentonitic  and  "attapulgated"  granulated  insecticides 
impregnated  with  2.5  or  7  percent  thiophos,  and  sand  covered  with  1,  2,  5, 
pr  7  percent  thiophos.  The  consumption  norm  is  0.1  kg/hectare  of  the 
preparation. 

The  physical  properties  of  granules  make  it  possible  to  use  them 
by  means  of  usual  apparatus  available  in  kolkhozes.  One  can  employ  ap¬ 
paratus  designated  for  dust  spraying  by  introducing  some  very  slight 
changes. 

Granulated  insecticides  are  much  more  suitable  for  dispersion 
from  airplanes;  they  can  be  dusted  at  a  wind  velocity  of  up  to  5  meter/sec; 
they  are  not  retained  by  the  leaves  and  settle  on  the  ground,  thus  exter¬ 
minating  noxious  insects  in  the  soil.  In  this  connection  they  are  very  con¬ 
venient  in  the  control  of  ticks  in  forested  areas.  Granulated  insecticides 
can  be  utilized  in  the  treatment  of  shallow  reservoirs.  For  instance,  upon 
treatment  of  ditches  with  granules  containing  bytex,  in  the  ratio  of  two 
milligrams  of  active  substance  per  liter  of  water,  the  larvae  and  pupae  of 
mosquitoes  disappeared  within  2-3  days  and  reappeared  after  15-17  days. 

For  pastures  and  non -cultivated  soil  the  following  norms  of  indus¬ 
trial  preparations  are  recommended  in  kilograms  per  hectare:  aldrin,  61^; 


dildrin,  3  kg;  heptachlorine,  5  kg;  chlordan.  8.5  kg;  toxaphen»  30  kg; 
DDT,  30  kg;  thiosoph,  1.5  kg. 

According  to  the  data  of  V.  A.  Nabokov,  the  effectiveness  of 
treatment  with  a  10  percent  granulated  DDT  preparation  at  the  expenditure 
norm  of  20  kg  per  hectare  is  quite  high.  The  mortality  rate  of  mature 
ticks  on  the  processed  ser.tions  reaches  92-100  percent.  It  seems  to  us, 
however,  that  this  amount  of  prepara;tion  is  insufficient  for  the  extermina¬ 
tion  of  ticks. 

The  advantages  of  granulated  insecticides  are  as  follows:  absence 
of  deposits  on  food  and  fodder  crops;  high  effectiveness;  comparative 
safety  in  handling;  lesser  consumption  per  hectare,  thus  permitting  a 
twofold  increase  of  labor  productivity  per  worker,  and  a  fivefold  produc¬ 
tivity  of  airplane  dusting. 

The  shortcoming  of  granulated  insecticides  is  their  high  cosi  which 
exceeds  the  cost  of  fluid  larvicides  4- 10-fold.  However,  this  drawback  is 
compensated  by  the  above-mentioned  advantages. 

SUSPENSIONS  ! 

Suspensions  are  dispersion  systems  where  the  dispersion  phase  is 
(  solid  and  the  dispersion  medium  is  liquid.  The  limits  of  dispersive  prop¬ 
erties  are  determined  by  the  limit  of  the  colloidal  area  (0.1  micron),  on 
the  one  hand,  and  by  the  size  of  particles  wnich  are  precipitated  under 
usual  conditions  (tenths  of  a  millimeter),  on  the  other.  The  dispersive 
property  of  suspensions  is  determined  usually  by  the  methods  of  sedi¬ 
mentation  analysis,  or  by  the  extent  of  the  absorption  of  admixtures  intro¬ 
duced  into  the  dispersion  medium. 

In  practice,  suspensions  are  made  of  preparations  which  are  in¬ 
soluble  in  water.  The  suspensions  may  be  monodispersive,  containing 
particles  of  virtually  the  same  size,  and  polydispersive  which  contain 
particles  of  various  sizes.  Usually,  polydispersive  suspensions  are  used. 
Upon  preparation  of  suspensions,  dust  or  powder  are  added  to  water.  The 
powders  must  be  of  the  finest  grind,  because  particles  of  a  coarse  grind 
settle  on  the  bottom  and  the  suspension  becomes  unsuitable,  since  its 
upper  layer  contains  little  of  the  insecticide,  while  the  lower  layer  clogs 
up  the  hand  sprayer  and  spraying  becomes  difficult. 

Upon  filtration,  the  power  stirred  (suspended)  in  water  remains 
on  the  filter,  and  after  a  brief  period  of  time  (depending  on  the  extent  of 
grinding  of  the  insecticide  and  its  admixtures)  it  is  completely  precipitated 
(coagulated).  Upon  using  a  given  dust  the  weighted  portion  of  the  powder 
or  paste  is  placed  in  a  bucket  and  is  thoroughly  mixed  with  a  small  qxian- 
tity  of  water  so  as  to  obtain  a  homogenous  mass  of  semiliquid  consistency. 
Water  is  then  added  up  to  the  required  amount  until  a  suspension  of  white 
or  gray  color  is  obtained.  Upon  application  of  the  suspension  or  white- 


washing  material  to  the  treated  surfaces,  it  is  necessary  to  continuously 
stir  or  shake  the  preparations  to  prevent  precipitation  of  the  powder.  The 
suspension  stays  bn  the  treated  surface  better  than  dry  dusts. 

Recently,  to  increase  the  adhesion  of  solid  particles  to  treated 
surfaces,  moistening  powders  and  stabilizing  suspensions  have  been  manu¬ 
factured  which  retard  the  precipitation  of  solid  particles  in  the  aqueous 
medium  (following  mixing  the  powder  with  the  water)  and  ensure  the  spread¬ 
ing  and  retention  of  the  suspension  on  the  treated  surfaces.  Stable  sus¬ 
pensions  are  obtained  by  using,  as  a  filler,  kaolin  or  some  other  amor¬ 
phous  filler  in  the  presence  of  a  surface -active  compound. 

The  suspensions  acquire  these  properties  when  the  comnosition  in¬ 
cludes  emulsifiers  and  moisteners  (sulfonol-alkylarylsulfonate,  OP-alkyl- 
phenol  ester  of  polyethylenglycol,  etc. ),  as  well  as  substances  which  in¬ 
crease  the  retention  of  applied  particles  on  the  treated  surface.  In  addi¬ 
tion,  dextrin  or  other  substances  are  added  to  increase  retention  on  the 
treated  surfaces.  Thus,  the  moistening  dusts  represent  more  complex 
preparations  and,  hence,  are  more  costly. 

In  the  preparation  of  suspensions  from  insecticide  dusts,  specially 
\  prepared  for  this  purpose,  up  to  90  percent  of  the  insecticide  and  10  per¬ 
cent  of  the  filler,  emulsifier,  and  a  surface -act;  ve  substance  (film- 
forming  and  moistening  substance)  are  used. 

These  dusts  usually  do  not  cake  in  storing;  upon  addition  of  water 
they  become  rapidly  moistened  and  the  dust  is  dispersed  in  the  form  of  a 
fine  suspension.  This  fact  permits  spraying  the  suspensions  or  immers¬ 
ing  the  treated  objects  in  them.  Some  dusts  are  moistened  directly,  de¬ 
pending  on  tile  nature  of  the  filler  (kaolin,  for  example);  others,  how¬ 
ever,  require  the  addition  of  detergents  or  moistening  substances;  dusts 
treated  in  this  manner  form  suspensions  upon  mixture  with  water. 

Sedimentation  does  not  exceed  35  percent  in  3C  seconds,  and  the 
content  of  the  active  principle  in  the  fractions  which  have  precipitated 
within  30  and  60  minutes,  differs  from  the  in:.tial  dust  maximally  by  -  3  per¬ 
cent.  The  great  advantage  of  moistened  dusts  over  regular  dusts  is  the 
fact  that  they  are  prepared  from  finely  pulverized  powder.  Another  advan¬ 
tage  of  the  use  of  moistened  dusts  is  the  presence  of  a  large  amount  of 
small  particles  which  ensures  the  good  quality  of  the  suspension  and  a 
uniform  covering  of  the  surface.  The  first  preparations  contained  5-10 
percent  of  insecticide  and  were  not  very  effective;  it  has  been  demon¬ 
strated  that  the  presence  of  large  amounts  of  inert  substances  masked  the 
insecticide,  and  that  the  effectiveness  of  a  definite  close  of  DDT  crystals 
increased  when  the  amount  of  inert  material  was  reduced.  At  present, 
moistened  dusts  are  manufactured  with  a  50  percent,  even  a  65  percent, 
content  of  DDT.  They  are  most  suitable  for  use  outdoors.  Following  the 
spraying  of  a  given  surface,  the  particles  retain  their  insecticide  proper¬ 
ties  for  long  periods  of  time  (they  produce  residual  deposits),  at  a  minimal 


penetration  in  depth  of  the  treated  objects. 

Aqueous  suspensions  of  these  preparations  are  effective  r>n  poroue 
materials  (plastering,  bricks).  The  suspended  solution  becomes  ab¬ 
sorbed,  the  solid  particles  remaining  on  the  surface  where  they  become 
accessible  to  insects.  On  non-porous  surfaces  (glass,  metals,  etc. }  the 
suspension  does  not  penetrate  inside,  remains  on  the  surface  with  the  in¬ 
secticide  particles,  dries  up  and  becomes  firmly  adherent  to  the  surface. 
Therefore,  the  deposits  do  not  fall  off  as  easily  as  dust,  although  in  such 
cases  they  are  less  effective  than  dusts  or  emulsions.  Each  insecticide 
possesses  a  definite  adherent  property  which  depends  on  the  characteris¬ 
tics  of  the  substance  itself  or  its  special  ingredients  (fixers  or  ptilver- 
izers).  For  better  results,  sugar,  molasses,  soap,  starch,  glue,  gela¬ 
tine,  etc. ,  from  50  to  100  grams  per  100  ml  of  the  solution,  are  added. 

An  excessive  addition  of  these  substances  considerably  reduces  the  insec¬ 
ticide  properties  of  the  preparation.  Ultraviolet  rays  have  a  negligible 
effect  on  these  deposits,  but  they  are  rapidly  washed  off  from  leaves  by  a 
strong  rain.  The  addition  of  gluing  substances  imparts  a  greater  stability 
to  deposits  with  regard  to  rain  but  reduces  the  accessibility  of  these,  de¬ 
posits  to  the  insects. 

A  number  of  authors  showed  that  mosquitoes  (Anopheles)  become 
stimulated  to  flight  upon  contact  with  DDT  deposits,  regardless  of  the  fact 
whether  small  or  large  particles  are  present  on  the  surface,  and  whether 
they  are  easily  accessible  or  not.  A  single  contact  is  lethal  only  when 
the  deposit  consists  of  small,  easily  accessible  particles;  otherwise,  the 
mosquito  flies  away  having  received  no  lethal  dose  of  the  poison. 

A  number  of  works  devoted  to  the  study  of  the  effect  of  the  size  of 
hexachloran  particles  on  their  toxicity  showed  that  the  smaller  the  sus- 
pen'^ion  particles  the  greater  its  toxicity.  The  size  of  particles  is  basic¬ 
ally  30  microns,  but  in  the  same  dust  there  are  particles  of  4,  8,  9>  14; 
and  17  microns. 

Suspension  Solution.  Upon  addition  to  water  of  dust  obtained  from 
preparations  which  are  fully  or  partially  water-soluble,  not  only  a  sus¬ 
pension  is  formed  but  also  a  solution  of  tne  suspension.  For  instance,  the 
solution  of  chlorophos  dust  in  water  caxmot  be  called  a  suspension,  since 
the  preparation  is  water-soluble.  Upon  mixing  with  water  the  preparation 
is  transformed  gradually  into  a  solution.  However,  a  freshly  prepared 
solution  of  a  suspension  contains  only  partially  the  dissolved  preparation, 
since  chlorophos  is  slowly  dissolved  in  water.  In  connection  with  the  slow 
passing  of  chlorophos  from  a  suspension  into  a  solution,  one  can  assume 
that,  upon  the  use  of  the  suspension  immediately  following  its  preparation, 
a  considerable  part  of  the  preparation  will  be  retained  on  the  particles  of 
the  filler. 

On  this  basis,  we  think  that  this  form  of  preparation  would  be  more 
correctly  called  a  suspension  solution.  Hence,  a  euepenaijMt  solution  rep- 
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resents  a  preparation  form  in  which  the  active  substance  is  in  a  suspended 
and  partly  dissolved  state.  The  results  of  observations  showed  the  ex¬ 
pediency  of  employing  these  preparations  for  the  treatment  of  absorbing 
surfaces. 


EMULSIONS  AND  THEIR  CONCENTRATES 

Emulsions  and  their  concentrates  rcprcscht  a  dispersion  system 
consisting  of  two  immiscible  fluids  and  containing  an  emulsifier  which  en¬ 
ables  the  two  immiscible  fluids  to  come  into  a  direct  mutual  contact,  with 
the  result  that  one  of  these  fluids  is  distributed  (becomes  emulsified)  in 
the  form  of  more  or  less  minute  droplets  within  the  medium  of  the  other 
fluid.  In  high-dispersirn  stable  emulsions  the  diameter  of  droplets  is 
about  one  micron.  In  many  instances  the  insecticide  emulsion  consists  of 
a  preparation  dissolved  in  an  organic  fluid  (solvent)  the  droplets  of  which 
are  suspended  in  water. 

Emulsion  represents  a  form  of  utilizing  insecticides  which  are 
insoluble  in  water  but  dissolve  in  organic  solvents.  If  one  shakes  up  two 
superposed  mutually  poorly  soluble  fluids  (for  instance,  water  and  ben¬ 
zene),  one  of  them  (benzene)  becomes  distributed  in  the  other  (wate.-)  in 
the  form  of  minutest  droplets  of  globular  shape  (emulsion).  Upon  contact, 
these  droplets  become  immediately  confluent  and  change  again  into  fluid. 

To  form  stable  emvlsions,  emulsifiers  are  used  --  substances  which  lower 
tho  surface  tension-  The  emulsification  can  be  speeded  up  and  the  cmul- 
■fon  becomes  stabilized  by  means  of  various  surface -active  substances, 
iuch  as  soap.  These  emulsions,  as,  for  instance,  benzene  in  water  with 
soap,  or  chlorobenzene  with  Petrov's  contact  and  soap  as  emulsifier,  are 
very  stable  (from  one  to  IZ  months).  Emulsifiers  which  contribute  to  the 
formation  of  an  emulsion  and  the  increase*  of  its  stability  are  sometimes 
introduced  in  the  largest  quantities,  and  the/  serve  two  purposes:  a)  they 
reduce  surface  tension  at  the  borderline  of  two  fluids,  with  the  result  that 
the  formation  of  a  high -dispersion  emulsion  is  facilitated,  and  b)  they  form 
a  protective  film  with  a  heightened  structural  viscosity  and  elasticity  on 
tho  surface  of  formed  droplets,  thus  preventing  their  fusion  and  ensuring 
the  stability  of  the  emulsion.  In  a  number  of  instances,  the  insecticide 
represents  an  oily  fluid  which  is  directly  emulsified  in  water.  Since  it  is 
uneconomical  and  difficult  to  transport  the  emulsions  of  preparations 
which  usually  contain  only  from  0.5  to  4  percent  of  the  insecticide,  their 
concentrates  of  pastes  containing  60  percent  of  the  insecticide  are  manu¬ 
factured  at  the  plants. 

These  concentrates  represent  a  saturated  solution  of  the  insecti¬ 
cide,  or  of  several  insecticides,  in  an  organic  solvent  with  an  emulsifier. 
As  emulsifiers  one  employs  sulfonates  of  alkaline  metals,  esters,  poly- 
ethylenglycols  of  monoesters  of  pentaerythritol  with  higher  alkylcarbonic 


acids,  znonoesters  of  sorbite  and  other  mvi}.tiatomic  alcohols  with  higher  ' 

, fatty  acids,  soap,  Petrov's  contact,  etc.  (N.'N.  Mel’nikov).  Upon  ^p■’ 
pearance  of  crystals  in  the  concentrates  and  emulsions,  the  latter  should 
be  heated  up  to  a  complete  dissolution  of  the  crystal's  formed.  To  obtain 
working  emulsions  the  concentrate  is.  diluted  with  water  up  to  the  desired 
dilution.  . 

The  emulsions  behave  on  many  surfaces  the  same  as  solutions, 
and  the  loss  of  effectiveness  on  the  surfaces  takes  place  in  the  same  way 
as  it  does  in  solutionc.  The  emulsions  can  be  used  in  the  treatment  of 
surfaces  of  synthetic  materials,  but  they  cannot  be  used  in  the  treatment 
of  wires  or  cables.  The  emuls  .ons  leave  spots  on  the  treated  surfaces. 
Upon  the  use  of  an  emulsion  concentrate  containing  a  non-volatile  solvent, 
there  remain  deposits  of  the  insecticide  solution  in  the  solvent  on  the 
treated  surface,  following  the  evaporation  of  the  aqueous  phase 'of  the  pre¬ 
pared  emulsion;  when,  however,  the  solvent  in  the  concentrate  is  of  vol¬ 
atile  nature,  then  after  the  evaporation  of  the  aqueous  phase  as  well  as  of 
.  the  organic  solvent,  there  remain  only  deposits  of  the  insecticide  alone  on 
the  surface  of  the  treated  object. 

Emulsion -Suspensions.  In  the  preparation  of  dusts  and  concen¬ 
trated  15-25  percent  emulsions,  a  number  of  difficulties  axe  encountered 
in  the  technology  of  production  as  well  as  in  the  application  in  disinsection 
practice.  In  particular,  the  manufacture  of  dust  is  cumbersome,  requires 
powerful  grinding  and  mixing  apparatus,  large  production  expenditures  and 
a  considerable  amount  of  an  inactive  filler  (its  basic  mass  is  talcum). 

From  the  labor  point  of  view  the  manufacture  of  dusts  has  the  drawback 
that  the  air  in  working  quarters  is  filled  with  dust;  in  addition,  the  dust 
is  rather  poorly  retained  on  the  treated  surfaces.  The  manufacture  of 
emulsion,  although  techrically  less  complex,  nevertheless,  requires  a 
considerable  expenditure  of  turpentine  or  white  spirit.  The  manufactured 
emulsions  are  insufficiently  stable  at  low  temperatures  and  deteriorate 
during  the  winter.  The  large  content  of  solvents  in  the  preparation  leads 
to  its  absorption  in  the  treated  surface  which  results  in  the  reduction  of 
the  amount  and  concentration  of  the  active  ingredient  on  the  treated  object. 
In  addition,  the  layer  of  preparation  left  on  the  surface  is  greatly  ab¬ 
sorbed  by  the  surface  and  poorly  adheres  to  the  insect's  body,  thus  re¬ 
sulting  in. a  sharp  reduction  of  the  toxic  effect  of  the  preparation.  The 
emulsions,  due  to  their  specific  physico-chemical  properties,  can  be  kept 
only  in  heavy  metal  containers. 

The  emulsion-suspension  suggested  by  S.  F.  Besuglyy,  A.  V.  Mol¬ 
chanov  and  Yu.  N.  Besobrasov,  due  to  its  physico-chemical  properties, 
composition  and  method  of  production,  lacks  the  above-mentioned  negative 
properties. 

The  DDT  emulsion-suspension  is  a  mass  of  white  color,  does  not 
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diffuse,  is  easily  cut  with  a  knife,  and  exudes  ?.  mild  insecticide  odor;  its 
specific  gravity  is  1.3.  The  product  can  be  packed  in  any  hard  container. 
Upon  addition  of  water,  the  emulsion- suspension  concentrate  forms  a 
stable  colloid  system  consisting  of  globular  droplets  of  the  insecticide 
solution  in  oil,  1-2  microns  in  diameter,  and  of  the  insecticide  in  micro - 
crystalline  form,  3-4  microns  in  size.  The  dispersion  medium  is  water. 
The  stratification,  coagulation  and  sedimentation  virtually  do  not  occur  ' 
daring  the  first  24  hours.  Applied  to  an  object  the  crystals  remain  on  the 
surface.  The  emulsion-suspension  consists  of  50-65  percent  insecticide, 
the  remaining  quantity  representing  a  solvent  and  emulsifier.  Before 
uiiqg,  the  concentrated  preparations  are  diluted  with  water  (Table  24). 

Table  24 

Calculation  of  Disinsection  Substances  Bssen’iial  for  the 
Preparatioi  .  of  Working  Emulsions  andSuspencions  from 


Concentrated  Preparations 


Percentage  of  In¬ 
secticide  in  the 
Plant  Prdduct 

Amount  of  the  Insecticide  (in  Grams)  Required 
for  th;^  Preparation  of  One  Liter  of  a  Working 
Emulsion  or  Suspension 

0.6% 

i 

1% 

2% 

3X 

3% 

2 

100 

1 

200 

400 

600 

1000 

7 

71,4 

142.9 

285,7 

428,6 

714,3 

10 

S') 

100 

200 

300 

500 

12 

41,7 

83,3 

166,7 

350 

416,7 

IS 

33,3 

60,7 

133;3 

200 

.  333,3 

20 

25 

SO 

ICtO 

150 

2.'i0 

2S 

20 

40 

80 

120 

200 

30 

1G,7 

33,3 

66,7 

100 

166,7 

40 

12,5 

25 

50 

75 

125 

.S(i 

10 

20 

40 

GO 

100 

GO 

8,3 

16,7 

33.3 

50 

83 

as 

7,7 

15,4 

30.3 

1 

46,2 

77 

Note:  To  obtain  the  needed  amount  of  the  preparation  per  bucket  of 
10 -liter  capacity,  the  figure  obtained  should  be  multiplied  by  10. 


An  analogous  emulsion-suspension  (paste)  was  suggested  by  N.  A. 
Fuks  fTsNIDI  (Central  Scientific  Research  Disinfection  Institute,  Moscow) 
paste").  The  auxiliary  substance  OP-10  (alkylphenylester  of  polyethylen- 
glycol)  represents  the  beet  emulsifier -stabiliser  produced  by  the  chemical 
industry;  it  ensures  an  adeqiukte  diffusion  of  the  preparation  on  the  treated 
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surface.  Due  to  the  presence  in  these  preparations  of  the  surface -active 
substance  OP- 10,  the  formed  insecticide  layer  possesses,  as  to  its  phys¬ 
ical  properties,  a  loose  (non-solid  structure  which  ensures  a  good  contact 
with  the  insects;  as  a  result,  the  preparation  crystals  easily  adhere  to  the 
insect's  body,  thus  increasing  the  effectiveness  of  the  insecticide.  Water, 
combined  with  the  emulsifier,  imparts  a  dispersion  property  to  the  sys¬ 
tem  and  represents  a  medium  which  prevents  the  formation  of  c  ^otalline 
agglomerates  of  the  hydrophobic  insecticide  and  the  opalescence  (.f  the  oil 
droplets. 

INSECTICIDE  SOAPS 

The  use  of  soap  containing  certain  preparations  (phenol,  naphthal¬ 
ene,  petroleum,  sulfur,  nicotine,  tar;  turpentine,  volatile  oils,  etc. )  has 
been  known  for  a  long  time.  However,  all  previously  manufactured  soaps 
possessed  hardly  any  insect'icide  properties.  Only  K-soap,  manufactured 
about  20  years  ago,  exerted  some  effective  action  due  to  its  ingredient  -- 
bis-ethylxanthogene.  At  present,  soaps  are  made  containing  5  percent 
DDT,  3  percent  hexachloran,  or  10  percent  acetophos.  The  manufacture 
of  insecticide  soaps  presents  no  special  difficulty  and  consists  of  mechan¬ 
ical  mixing  of  the  liquid  or  solid  preparation  in  a  solution  with  a  finely-cut 
regular  household  soap  on  a  boiling  water-bath.  The  cooled  soap  (upon 
addition  of  a  colorless  insecticide)  scarcely  differs  from  regular  house¬ 
hold  soap,  but  acquires  the  odor  of  the  preparation  or  of  its  solvent  (if  the 
latter  is  added).  If  the  insecticide  is  stained  (tar),  the  soap  acquires  a 
corresponding  color  (black,  in  the  case  of  tar). 

The  effectiveness  of  the  insecticide  in  the  soap  is  the  same  as  in  an 
aqueous  soap-emulsion  or  solution,  providing  that  the  insecticide  does  not 
deteriorate  in  an  alkaline  medium;  in  this  case,  the  insecticide  soap  loses 
in  storage  its  disinsecting  properties.  To  obtain  greater  effectiveness, 
one  adds  to  the  soap,  in  addition  to  the  preparation,  also  2-5  percent  of  a 
solvent  (oxydiphenyl,  white  spirit,  gasoline,  turpentine,  CK,  vaseline, 
furfural,  2-2.5  percent  of  diphenylamine,  etc.).  The  effectiveness  of  this 
type  of  soap  is  greater  than  the  activity  of  soap  containing  an  insecticide 
only  (V.  I.  Mutovin,  S.  V.  Zhuravlev,  L-  N.  Pogodina,  S.  G.  Gladkikh, 
et  al. ). 

The  low  percentage  of  DDT  preparation  or  of  hexachloran  in  the 
soap  permits  its  use  as  regiilar  soap  in  washing  the  body,  hair,  and  linen. 
Rinsing  of  linen  which  was  washed  with  hexachloran  soap  and  ironing  some¬ 
what  reduces  the  duration  of  its  insecticide  effect. 

INSECTICIDE  OINTMENTS 

Insecticides  (DDT,  hexachloran,  pyrethrum,  K-soap»  etc. }  aroused 


in  the  form  of  ointments.  They  are  prepared  by  mixing  the  insecticide, 
first  with  vaseline  oil  a^d  then  with  vaseline,  until  a  homogenous  mass 
has  been  obtained.  As  an  example,  we  shall  cite  the  composition  of  a 
hexachloran  insecticide  ointment:  hexachloran,  3  percent,  vaseline  oil, 

10  percent,  and  vaseline,  87  percent.  The  composition  of  an  insecticide 
ointment  containing  acetophos,  includes  vaseline  oil  {69-70  percent), 
cdresin  (18-18.5  percent),  paraffin  (3-5  percent),  acetophos  (3-5  percent) 
and  3  percent  purfumed  base. 

INSECTICIDE  PENCILS 

In  view  of  the  shortcomings  inherent  in  dusts  (crumbling  from  the 
sprayed  surface,  irritating  effect  on  the  nasopharynx  during  dusting),  in 
some  instances  insecticide  pencils  and  graters  are  used.  The  length  of 
pencils  is  10-12  cm,  diameter,  1.5  cm,  weight,  20-21  grams;  the  graters 
have  a  form  of  a  broad  flat  plate  with  a  cross  section  of  9  x  18  cm.  Their 
method  of  preparation  is  identical.  According  to  the  method  elaborated 
by  Yu.  N.  Bezobrazov,  A.  V.  Molchanov  and  V.  N.  Pivovarov,  the  com¬ 
position  of  insecticide  pencils  includes,  as  plasticizers,  beeswax  and 
paraffin,  and  as  a  filler  --  talcum  and  kaolin. 

The  preparation  process  of  pencils  is  as  follows:  in  a  heated  con¬ 
tainer  with  a  stirrer  (for  instance,  in  an  iron  tank)  the  weighed  plastifi- 
cates  (wax  and  paraffin)  are  melted  and  hexachloran  is  added  to  the  ob¬ 
tained  fused  mass.  After  the  loaded  components  have  turned  into  a  hom- 
ogen</U8  liquid  mass  (one  must  avoid  excessive  heating  and  prolonged  melt¬ 
ing),  one  adds  to  it  the  required  amount  of  filler  under  constant  stirring 
(talcum,  kaolin,  or  ground  chalk);  a  thick  viscous  mass  is  formed.  The 
melted  mass  is  poured  into  metal  forms  and  cooled  until  it  has  become 
completely  solidified.  Rods  of  the  insecticide  mass  (pencils),  obtained 
after  molding,  are  pasted  aroimd  with  paper,  and  the  little  bars  and 
grate.rs  are  glued  to  wooden  slabs.  The  pencils  and  grater  may  contain 
from  1  to  70  percent  of  the  insecticide,  up  to  7  percent  of  beeswax,  32 
percent  paraffin,  and  up  to  60  percent  talcum. 

For  the  control  of  pediculosis,  streaks  are  made  with  pencils, 
with  4-5-cm  spacing  between  each  streak,  on  the  inner  surface  of  the  lin¬ 
en,  clothing,  and  bedding  in  the  most  favored  places  of  the  lice  habitat 
(collars,  belts,  folds,  seams,  etc. ).  For  the  control  of  bedbugs,  flies, 
cockroaches  and  other  insects,  streaks  of  4-5-cm  intervals  are  made  with 
pencil  on  the  surface  of  various  objects,  furniture,  windows,  etc.  Pencils 
can  be  employed  also  for  disinsection  by  applying  the  insecticide  to  broad¬ 
cloth,  wool  and  other  materials,  or  on  a  brush,  with  subsequent  rubbing 
of  the  treated  surfaces.  The  surfaces  and  tissues  treated  with  hexachloran 
pencil  retain  their  insecticide  properties  up  to  1-1/2  months,  and  in  the 
storing  of  soft  objects  --  up  to  six  months.  A  massive  treatment  with 


pencil  of  body  linen»  bed  linen  and  clotiiing  is  not  recommended  becauee 
hexachloran  is  easily  evaporated:  the  vapors  of  this  preparation  are 
harmful  to  man  upon  prolonged  use  of  clothing  treated  with  thie  insecticide. 

LACQUERS  AND  DYES 

Upon  employment  of  insecticides  introduced  into  the  composition 
of  dyes  or  lacquers  for  the  treatment  of  surfaces  in  buildingSi  the  insects 
perish  either  as  a  result  of  contact  with  the  surface  (DDT  •>  hexachlorO" 
cyclohexane)  or  as  a  result  of  fumigation  in  contact  action  (aldrin). 

Insecticide  lacquer  is  used  at  present  in  the  majority  of  countries 
for  the  processing  of  ships:  in  England,  about  2000  cargo-carrying  ocean¬ 
going  vessels  are  free  of  insects.  Lacquers  containing  insecticides  and 
applied  to  the  surfaces  are  highly  effective  in  the  control  of  bedbugs  as 
well  as  house -ants,  flies,  mosqxiitoes,  and  barn  pests.  Following  treat¬ 
ment  of  sea  and  river  ships,  they  become  uninhabitable  to  cockroaches 
and  other  arthropods,  at  least  for  one  year. 

The  most  convenient  method  of  using  insecticide  lacquers  is  the 
use  of  special  aerosol  bombs,  but  they  can  also  be  applied  with  a  small 
brush.  Packages  of  insect-lacquer  manufactured  by  the  Shell  firm  (Eng¬ 
land)  and  containing  4  percent  dildrin,  weighing  4.5  kg,  are  sufficient  for 
covering  at  least  80  square  meters.  Lacquers  and  dyes  containing  insec¬ 
ticides  are  fully  adequate  for  treating  uninhabited  premises,  including 
warehouses.  Insecticide  dyes  and  lacquers  are  used  in  control  of  bedbugs 
in  the  cages  where  laboratory  animals  are  kept. 

D.  F.  Yazykov,  V.  A.  Rundkvist,  and  V.  Ya.  Raygorodskaya 
showed  that  there  is  no  need  of  dissolving  insecticides  preliminarily  in  or¬ 
ganic  solvents,  because  at  40-50^  they  are  easily  and  fully  dissolved  in 
natural  drying  oil  and  other  oils,  with  the  formation  of  homogenous  solu¬ 
tions.  Insecticide  drying  oils  (for  oil  paints)  and  lacquers  (for  enamel 
paints)  were  mixed  in  the  regular  manner  with  pigment  paste.  Dyes,  con¬ 
taining  5-18  percent  DDT,  1-5  percent  hexachloran,  or  8  percent  DDT  4 
2  percent  hexachloran,  do  not  lose  their  dyeing  properties  for  long  periods 
of  time;  they  dry  up  at  the  established  time  periods,  do  not  lose  their 
shade,  and  preserve  their  luster  and  water-resistance.  A  number  of 
authors  recommend  insecticide  dyes  with  a  high  DDT  content  of  10-20  per¬ 
cent.  It  is  perfectly  obvious  that  the  presence  of  DDT  in  such  quantities 
has  a  negative  effect  on  the  quality  of  dyes.  For  instance,  P.  I.  Nikitin 
and  N.  I.  Fomicheva  noted  that  damp  spots  appear  after  a  certain  period 
of  time  on  surfaces  painted  with  a  dye  containing  10  percent  DDT.  A  dye 
containing  15  percent  DDT  does  not  dry  up  for  two  months  or  longer.  As 
solvents  of  DDT,  turpentine,  kerosene,  white  spirit,  benaene,  xylol*  amyl 
acetate,  diethylketone  and  chlorine  derivatives  of  hydrocarbons  wars  used. 
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14[cCay  recommends  insecticide  lacquers  containing  20  percent 
DDT  and  2  percent  hcxachloran,  or  10  percent  DDT  and  5  percent  hexa- 
chloran.  For  painting  ships  and  harbor  buildings  for  the  extermination 
of  brown  cockroaches  a  gamma-isomer  of  hexachloran  can  be  added  to 
lacquers.  Townsend  studied  the  effect  on  roaches  of  surfaces  covered 
with  lacquer  containing  4  percent  dildrin;  these  surfaces  retained  their 
toxic  effect  on  roaches  for  180  days:  within  24  hours  following  application 
of  lacquer,  the  death  rate  reached  90  percent,  and  within  three  days  -- 
100  percent. 

Cyclic  compounds  containing  epoxy-  and  endomethylene  groups 
(for  instance,  epoxy-hexachloroendomethylene-naphthalene)  prolong  the 
insecticide  effect  of  lacquers.  Surfaces  painted  with  this  insecticide 
lacquer  retain  their  effectiveness  against  every  species  of  insects  for 
prolonged  periods  of  time.  A  sample  lacquer  of  this  type  comprises  four 
parts  of  epoxy -hexachloroendomethylene,  three  parts  of  gamma -isomer 
of  hexachloran,  25  parts  of  titanium  dioxide  (Ti02)  and  68  parts  of  this 
lacquer  from  the  copolymer  of  vinyl  chloride  and  vinyl  acetate. 

To  increase  the  length  of  preservation  of  the  preparation  on  the 
treated  surfaces,  insecticide  resins  are  used.  The  use  of  urea -formalde¬ 
hyde  resin  causes  formation  of  a  very  hard  film,  with  the  result  that  the 
insecticide  appears  to  be  "sealed"  in  it;  if  one  adds  to  this  resin  an  alkyd 
cleoresin,  as  a  plasticizer,  a  softer  film  is  formed  and  the  insecticide  is 
then  able  to  "migrate"  to  the  surface. 

For  the  introduction  of  DDT  or  dildrin  in  the  resin,  the  best  ratio 
is  50:50  (urea-formaldehyde  resin).  For  volatile  substances  (hexachloran, 
aldrin)  it  is  recommended  to  take  40  parts  of  the  insecticide  and  60  parts 
of  the  resin. 

According  to  the  data  of  A.  A.  Nepoklonov,  I.  G.  Fel'dman,  L.  N. 
Barmina  and  I.  Z.  Abezgauz,  most  effective  are  urea -formaldehyde 
lacquers  combined  with  the  gamma-isomer  of  hexachloran,  and  with  a 
mixture  of  gcunma-isomer  of  hexachloran  with  DDT,  hexachloran,  etc. 

Following  application  of  lacquers  to  a  given  object,  the  insecticides 
are  gradually  transposed  from  inner  layers  of  the  film  to  its  surface.  The 
prolonged  retaining  of  insecticide  properties  by  the  treated  surfaces  is  due 
to  the  &ct  that  the  insecticide  crystals  are  gradually  liberated  to  the  sur¬ 
face  of  the  lacquer.  Upon  employment  of  DDT,  dildrin,  etc. ,.  the  surface 
becomes  covered  with  needle-shaped  crystals;  this  phenomenon  was 
named  "blossoming."  When  the  insect  crawls  on  such  a  surface  it  re¬ 
moves  the  crystals,  but  after  a  little  while  the  crystals  reappear  on  the 
surface. 

A  single  treatment  with  lacquers  containing  an  insecticide  not  only 
ensures  a  complete  elimination  of  cockroach  contamination  of  the  treated 
area  but  it  also  prevents  a  new  contamination  of  the  premises  for  a  year's 
period.  This  insecticide  treatment  is  effective  also  in  regard  to 
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brown  house-ants,  flies,  mosquitoes,  and  pests  of  food  products  (small 
beetles). 

Crystals  which  are  formed  on  the  surface  of  the  dye  are  much 
smaller  than  the  ones  formed  with  the  use  of  the  usual  insecticide  solu¬ 
tions  (5-10  microns  long);  they  adhere  easily  to  the  legs  of  insects;  thus, 
a  brief  contact  (30  seconds)  of  the  mosquito  is  e.ntirely  sufficient  to  sub¬ 
sequently  produce  a  lethal  effect.  In  regard  to  house-flies  and  red  cock¬ 
roaches,  dildrin  is  much  more  effective  than  any  other  preparation;  it  is 
200 -fold  more  toxic  than  DDT. 

Insecticide  lacquers  containing  1.5-2  percent  of  hexachloran  and 
app'ied  to  the  surface  in  the  amount  of  40-60  ml/m^  retain  their  toxic 
properties  for  a  long  period  of  time  in  regard  to  insects,  including  red 
and  oriental  cockroaches. 

The  death  of  cockroaches  is  observed  for  820  days  from  the  mo¬ 
ment  of  insecticide  application,  at  a  24-48-hour  continuous  contact;  for 
the  extermination  of  bedbugs,  a  contact  is  necessary  with  the  painted  sur¬ 
face  for  48  hours. 

Cockroaches,  following  a  24-hour  contact  with  the  dye -covered 
surface  which  contains  2  percent  he'fcachloran,  perish  within  two  days; 
with  the  use  of  a  dye  containing  5  percent  DDT,  within  4-5  days;  the  ex¬ 
termination  proceeds  gradually.  Upon  introduction  of  large  quantities  of 
the  insecticide  flies  also  perish. 

D.  V.  Yazykov  notes  that,  upon  the  use  of  lacquers  with  dildrin 
and  aldrin,  as  well  as  dyes  and  lacquers  with  hexachloran,  the  female 
cockroaches,  after  contacting  the  surfaces,  ejected  their  oothecae  at  any 
stage  of  the  development  of  the  latter;  the  author  never  noted  any  coming 
out  of  larvae  from  the  oothecae. 

Some  authors  recommend  a  compact  covering  of  the  surfaces  with 
insecticide -containing  lacquers.  We  do  not  think  that  this  method  of  ap¬ 
plication  of  lacquers  is  correct.  It  is  more  expedient  to  apply  the  insec¬ 
ticide  lacquers  and  dyes  in  the  form  of  streaks.  The  processing  is  limited 
to  the  loci  of  habitation  and  propagation  and  to  the  paths  of  movement  of 
the  insect.  For  instance,  in  combatting  cockroaches,  every  crack,  hole 
and  hiding  place  of  these  insects  is  treated  with  dildrin  by  applying  it  on 
the  outside  in  the  form  of  streaks  3-10  cm  wide.  Cockroaches  are  night 
insects;  they  usually  avoid  light;  it  is,  therefore,  necessary  to  treat 
thoroughly  the  interior  of  cupboards,  the  rear  walls  of  chests,  the  lower 
sides  of  tables,  chairs  and  other  furniture.  It  is  essential  to  know  the 
ecology  of  cockroaches  in  order  to  carry  out  the  proper  treatment.  A 
somewhat  different  approach  is  needed  in  the  control  of  flies.  In  the  case 
of  the  latter,  there  are  favored  places  where  they  crawl  (projections, 
corners,  hanging  objects,  etc. ).  All  these  places  should  be  treated  in  the 
form  of  circular  streaks;  this  will  ensure  a  complete  success  of  disinsec¬ 
tion.  In  combatting  ants,  the  method  of  processing  is  also  different;  it 
must  be  based  on  their  habits  and  life  cycle. 
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In  applying  the  insecticide  lacquer  on  the  surfaces,  the  disinfector 
must  wear  a  mask  so  as  to  avoid  constant  inhalation  of  vapors  of  the  sol¬ 
vent  used  in  the  preparation  of  the  lacquer.  It  is  also  essential  to  be 
careful  when  mixing  the  lacquer  because  an  acid  catalyze-*  is  used  in  the 
transformation  of  the  lacquer  into  a  solid  glaze.  This  acid  catalyzer 
should  be  added  to  the  mixture  directly  before  using  and  precisely  in 
proper  ratios.  Following  its  application  the  lacquer  congeals  within 
30-60  minutes  and  forms  a  bright,  transparent  and  solid  glaze  which  re¬ 
tains  its  appearance  for  several  years. 

The  insecticide  lacquer  should  not  be  applied  indiscriminately  all 
over  because  it  is  not  a  simple  "coating"  of  surfaces;  it  is  an  insecticide 
and  it  must  be  used  only  where  crawling  insects  are  present  or  are  pre- 
eumed  to  be;  the  area  to  be  covered  depends  on  the  treated  object.  For 
instance,  in  workers '  premises  the  disinsection  area  is  reduced  to  a 
minimum. 

A  study  of  the  hexachloran  content  in  the  surface  layer  and  in  the 
air  of  premises  treated  with  hexachloran  dyes  and  lacquers  showed  that, 
at  a  concentration  in  the  surface  layer  of  not  more  than  0.12  gram  of 
nexachloxan  per  square  meter  (at  a  total  hexachloran  dose  of  2  grams  per 
square  meter),  the  air  in  the  treated  premises  contains  about  2  milli¬ 
grams  of  hexachloran  per  cubic  meter. 

Neither  can  we  agree  with  the  idea  of  using  hexachloran  in  wall- 
paper  glue,  because  it  is  volatile  and  because  vapors  of  this  preparation 
•■caping  in  residential  premises  may  be  harmful  to  the  inhabitants. 

BAITS  CONTAINING  INSECTICIDES 

Baits  of  this  type  are  used  in  the  deratization  and  disinsection. 

They  are  used,  for  instance,  in  the  extermination  of  cockroaches,  flies 
and  house-ants.  The  principle  of  their  use  is  based  on  the  addition  of 
poisons  to  dry  and  liquid  food  products  (sugar,  water  with  honey  and  sugar, 
fruit  remnants,  beer,  yeast,  etc. ).  In  some  cases  the  poisoned  baits  are 
placed  in  containers  from  which  the  insects,  once  entered,  are  unable  to 
crawl  out. 

A  detailed  description  of  baits  has  been  given  in  the  corresponding 
chapters  (see  "Means  of  Attracting  Insects  --  Attractants"). 

INTRODUCTION  (FEEDING)  OF  INSECTICIDES  INTO 
THE  ORGANISM  OF  WARM-BLOODED  ANIMALS 

Insecticides,  following  their  introduction  in  the  soil,  are  absorbed 
unaltered  by  plants  and  impart  to  the  latter  toxic  properties.  They  are 
called  systemic  insecticides.  The  same  name  is  applied  also  to  insecti¬ 
cides  which,  introduced  in  definite  amounts,  impart  to  the  blood  of  the 


animals  toxic  properties  in  regard  to  insects.  At  the  same  time,  these 
doses  are  harmless  to  these  plants  or  animals. 

V.  I.  Vashkov  was  the  first  to  report  in  the  USSR  (1948)  that  the 
blood  of  animals  who  received  DDT  is  toxic  to  bedbugs  and  lice.  A  com* 
plete  extermination  was  observed  in  some  experiments  with  bedbugs,  fed 
on  the  blood  of  these  animals.  Most  toxic  turned  out  to  be  the  animal 
bloc  d  fed  to  insects  within  12-48  hours  following  administration  of  this 
preparation  to  rabbits.  V.  A.  Bayko  (1956)  tested  the  effect  of  DDT- 
containing  baits  on  house  mice  and  tick  larvae. 

In  organizing  extermination  work  in  the  foci  of  transmissive  dis¬ 
eases,  it  is  very  important  to  be  familiar  with  the  method  of  single-stage 
extermination  of  the  carriers  and  their  hosts,  since  a  solution  of  this 
problem  would  permit  coming  closer  to  the  complete  eradication  of  the 
natural  foci  of  infection.  The  method  of  introduction  of  insecticides  into 
the  organism  of  animals  is  used  in  combatting  a  number  of  arthropods: 
subcutaneous  warble  flies  (Hypodermatidae),  gnats,  mosquitoes,  ticks, 
etc. 

The  problems  of  the  use  of  poisons  in  the  control  of  rodents  and 
their  ectoparasites  have  not  been  sufficiently  elaborated  as  yet. 

Associates  of  the  All-Union  Antiplague  "l)4icrobe"'lnstitute  dem¬ 
onstrated  (1957)  the  possibility  of  extermination  of  fleas  and  sand-lances 
by  means  of  baits  containing  DDT. 

M.  K.  Fedorov  (1957,  1958}  elicited  the  length  of  preservation  in 
the  blood  of  aldrin,  dildrin,  chlordan  and  DDT  (up  to  10  days),  and  dem¬ 
onstrated  the  possibility  of  their  use  for  simultaneous  extermination  of 
rodents  and  their  ectoparasites  in  the  foci  of  hemorrhagic  fever.  The 
systemic  effect  of  certain  preparations  on  fleas  and  gray  marmots  was 
shown  by  S.  V.  Vishnyakov  and  coauthors.  S.  A.  Shilova  and  Yu.  Shchad- 
ilov  (1963)  demonstrated  the  possibility  of  using  systemic  poisons  in  for¬ 
est  deratization  which  simultaneously  exterminates  rodents  and  their  ecto¬ 
parasites,  thus  permitting  the  removal  from  the  epizootiological  process 
Gamasidae  ticks  and  fleas  whose  role  in  the  transmission  of  tick  en¬ 
cephalitis  virus  has  been  proven  at  present  (Ye.  N.  Levkovich,  A.  A.  Tag- 
eltsev,  Z.  G.  Kulakova).  It  is  known  that  there  are  no  other  methods  of 
controlling  these  groups  of  arthropods  under  forest  conditions. 

Aldrin,  dildrin  and  other  products  are  used  also  in  a  mixture  with 
zinc  phosphide,  or  ethylfluorohydrin,  difluoran,  etc.  When  baits  contain¬ 
ing  these  preparations  have  been  digested,  the  blood  of  rodents  acquires 
toxic  properties  in  regard  to  arthropods.  This  method  can  be  employed 
in  the  prophylaxis  of  plague,  tick  encephalitis  and  skin  leishmaniosis 
(£.  B.  Kerbabayev).  Presumably,  it  can  also  be  used  in  the  prophylaxis 
of  hemorrhagic  fever,  tick  rickettsiosis,  tularemia,  and  other  infections. 

A  large  number  of  insecticides  is  recommended  at  present  for  ad¬ 
ministration  to  animals  for  the  purpose  of  extermination  of  arthropods. 
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They  are  also  used  in  the  prevention  of  proHferation  of  flies. 

The  extermination  of  rodents  as  well  as  their  ectoparasites  is 
achieved  by  means  of  preparations  such  as  pivalylindandione,  heptachlor- 
ine«  etc.  possessing  simultaneous  raticide  and  insecticide  properties. 

There  are  numerous  observations  attesting  to  the  fact  that,  upon 
introduction  of  a  number  of  insecticides  into  animal  fodder,  including  that 
of  birds,  their  feces  acquire  insecticide  properties.  For  instance,  Eddy 
and  Roth  fed  an  insecticide  to  cows  for  five  days.  At  the  end  of  this  period, 
samples  of  their  feces  were  infected  with  young  larvae  of  flies.  The 
toxicity  of  remnants  of  the  insecticides  was  determined  according  to  the 
number  of  born  flies  and  their  fertility.  Of  25  tested  insecticides  the  most 
toxic  to  the  larvae  of  houseflies  were  Bayer  22408  (O,  O-diethyl-O-naph- 
thylaminothiophosphate)  coralline;  upon  administration  of  these  prepara¬ 
tions  to  animals  with  their  food  in  the  amount  of  1  mg /kg  a  complete  un¬ 
suitability  of  the  dung  for  the  development  of  larvae  was  observed.  When 
baytex  (50  mg/kg)  was  fed,  no  complete  destruction  of  larvae  was  noted. 
Bayer  22408  and  coralline  were  more  effective  on  larvae  of  the  autumn 
stable  fly  than  on  larvae  of  houseflies  and  small  horn  fly. 

Mature  flies  of  three  species,  bred  in  the  dung  of  cows  which  con¬ 
tained  remnants  of  some  insecticide,  possessed  in  all  cases  normal  fer¬ 
tility  and  their  eggs  showed  normal  viability.  In  tests  with  direct  intro¬ 
duction  of  the  insecticide  into  the  dung,  .the  minimal  doses  of  Bayer  22408 
and  ronnel  for  the  larvae  of  the  three  fly  species  were  within  the  range  of 
0.1  to  1  mg/kg  (of  feces).  In  the  case  of  larvae  of  houseflies  and  stable 
flies,  coralline  and  ronnel  possessed  similar  toxicity  (0.25-0.5  mg/kg), 
and  for  larvae  of  the  small  horn  fly  they  proved  to  be  twice  as  toxic. 

Drummond  investigated  the  toxicity  of  10  insecticides  on  Musca 
domestica  L  and  the  small  horn  fly  (Haematobia  irritans  L. )  following 
their  addition  to  cattle  fodder  for  1,  2,  3,  5,  8,  and  91  days.  Samples  of 
manure  were  analyzed  for  larvicide  activity.  In  the  91 -day  experiment, 
coralline  and  Bayer  22408  (O,  O -diethyl -O-naphthylaminothiophosphate) 
in  the  dose  of  0.5  and  1  mg/kg  per  day,  caused  a  complete  extermination 
during  the  first  week.  In  the  10-day  experiment,  phomaphos  (O,  O-di- 
meihyl-O-p-dimethylsulfamoyl-phenylthiophosphate),  Bayer  3734  (O.  O- 
diethyl-0-4-methylthio-3,  5-xylyl-thioph03phate)  in  a  dose  of  5  mg/kg, 
Bayer  37342  (O,  0-dimethyl-0-4-methylthio-3,  5-xylyl-thiophOBphate 
(10  mg/kg),  and  General  Chemical  4072  (2.5  mg/kg)  caused  complete  ex¬ 
termination  of  the  horn  fly.  The  same  insecticides,  with  the  exception  of 
O,  0-dimethyl-0-p(dimethyl8ulfamoyl)-phenylthio-phosphate,  are  just  as 
effective  against  the  housefly.  Butonate  (10  mg/kg},  Bayer  29493  (O,  O- 
dimethyl-O-4-methylthio-m-tolylthiophosphate)  and  Schtaufer  1504  (O,  O- 
dimethyl-S-phthalimidomethyldithiophosphate)  (2.5  mg/kg)  were  effective 
against  the  horn  fly  and  mil^y  toxic  to  the  housefly. 
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Upon  addition  of  Bayer  9018  preparation  {O,  0>dixnethyl>0-4« 
methylthio-3,  S-xylyl-phosphothioat)  to  drinking  water  in  the  amount  of 
•even  parts  per  million,  effective  results  have  been  obtained  in  the  con* 
trol  of  warble  flies. 

In  order  to  ascertain  the  possibility  of  feeding  insecticides  for  the 
prevention  of  fly-breeding  in  manure,  Sherman  determined  the  lethal  dose 
of  22  insecticides  (LD^q)  for  chickens. 

He  experimented  with  chicks  7-14  days  old,  5-30  chicks  in  each 
test.  Insecticides  were  administered  to  the  chicks  orally  in  gelati  cap¬ 
sule.  In  addition  to  the  determination  of  LD5Q,  observations  were  carried 
out  on  their  clinical  state,  weight  increase,  and  the  extent  of  assimilation 
of  food  during  constant  feeding  for  1-2  weeks  of  16  insecticides,  added  in 
vd  rious  concentrations  to  the  feed  or  drinking  water.  It  was  established 
that  LD5(}  in  milligrams  per  kilogram  is:  a)  for  phosphoroorganic  com¬ 
pounds:  O,  0-dimethyl-5-(N-ethyl-carbomoylmethyl)  dithiophosphate 
(American  Cyanamide  No  18706)  --  79.4;  for  O,  O-diethyl-O-naphthylam- 
inothiophosphate  (Bayer  22408)  --  31.69;  O,  0-diethyl-0-(4-methylsul- 
finyl)  thiophosphate  (Bayer  25141)  --  0.991;  leubocide,  or  O,  0-dimethyl- 
0-(4-methylthio-3-tolyl)  thiophosphate  --  28.4;  dimethoate  --  36.6;  phos- 
phamidon  --  9.04;  delnav  --  170;  dayco  "105"  --  1180;  dayco  "109"  -- 
565;  DDVPh  --  14.8;  dicapton  —  248;  coralline  --  14;  phosdrin  --  7.52; 
b)  for  chloroorganic  compounds:  kepon  —  480;  pertan  --  5000;  hepta- 
chlorine  --  62.4;  stroban  --  139;  c)  for  carbamate  compounds:  isolan  -- 
3.32;  sevin  --  197;  pyrolan  --  10.9.  The  death  of  chicks  would  set  in 
from  phosphoorganic  and  carbamate  compounds  within  24  hours,  from 
chloroorganic  compounds  --  within  1-5  days.  Upon  feeding  ruslen,  dayco 
"105,"  dayco  "109,"  pertan  and  sevin  in  doses  of  22-440  mg/kg,  no  changes 
were  observed  ii,  the  clinical  state  of  the  chicks,  their  assimilation  of 
food  or  rate  of  growth,  as  compared  to  control  chicks.  Upon  the  use  of 
Cyanamide  18706,  Cyanamide  12008,  Bayer  22408,  dimethoate,  delnav, 
and  pyrolan  in  doses  of  440-220  mg/kg,  a  retardation  of  growth  was  ob¬ 
served.  Bayer  25441,  phosphamidon,  kepon,  and  isolon  in  doses  of 
220  mg/kg  and  higher,  as  well  as  leubocide  in  a  dose  of  440  mg/kg,  caused 
the  death  of  some  or  all  animals;  upon  the  use  of  smaller  doses  of  leubo¬ 
cide,  Bayer  25141,  or  kepon,  a  retarded  growth  was  observed  in  the  sur¬ 
viving  chicks. 

Kepon  proved  to  be  the  only  insecticide  which  induced  symptoms  of 
poisoning  in  chicks  within  various  time  intervals,  regardless  of  the  ad¬ 
ministered  dose,  thus  attesting  to  the  considerable  cumulative  effect  of 
this  insecticide  in  the  chick's  organism. 

The  above -cited  data  indicate  that,  upon  feeding  insecticide  for  the 
purpose  of  combatting  insects,  it  is  essential  to  take  into  account  not  only 
the  insecticide  properties  of  the  preparations  but  also  their  toxic  effect  on 
the  animals. 
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CHAPTER  XII 

SYNERGISM  AND  ANTAGONISM  OP  INSECTICIDES 

Many  insecticidal  preparations  are  mixtures  of  two  or  more 
compounds  having  a  physiological  action  on  insects.  The  synergistic 
or  antagonistic  activity  of  compounds  contained  in  a  mixture  can 
have  a  significant  Influence  on  the  effectiveness  of  the  preparation 
(the  mixture). 

Synergism  (from  the  Greek,  Synergela  -  collaboration,  Joint 
action)  is  the  reaction  of  an  organism  to  the  combined  (collective) 
influence  of  two  (or  several)  pharmacological  agents;  it  is  charac¬ 
terized  by  the  fact  that  the  effect  of  a  given  combination  exceeds 
the  sum  of  the  effect  of  the  components  making  up  this  combination. 

The  phenomenon  of  synergism  can  be  explained  by  various 
mechanisms,  not  all  of  which  as  yet  have  been  studied.  It  is  well 
known  that  synergism  is  observed  in  those  cases,  when  one  of  the 
components  of  combined  pliarmacologlcal  agents  blocks  the  activity 
of  an  enzyme  participating  in  the  Inactlvizatlon  of  a  second.  Such 
a  mechanism,  for  example,  lies  at  the  basis  of  the  synergism  between 
acetylcholine  and  the  anticholinesterase  substances  (the  organophos¬ 
phorous  insecticides).  The  phenomenon  of  synergism  i’s  also  observed 
in  those  cases,  when  one  of  the  components  of  a  combination  blocks 
the  pathways  of  excretion  from  the  organism  of  another  active  compo¬ 
nent.  In  pharmacology  synergists  are  those  chemical  substances, 
whose  Joint  acti'n  on  the  animal  organism  brings  about  an  Intensifi¬ 
cation  of  the  effect  rendered  by  each  of  them. 
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An  Increase  In  the  ef  ectiveness  of  a  preparation  can  be  achieved 
not  only  as  a  result  of  the  addition  of  a  synergist,  but  also  as  a 
result  of:  1)  improving  the  adherence  of  an  insecticide  to  the 
Integument  of  an  insect,  2)  the  formation  of  more  toxic  compounds 
upon  the  decomposition  of  the  preparation  in  the  Insect  organism  or 
an  Increase  in  the  stability  of  an  insecticide  achieved  by  a  chemical 
reaction,  5)  increasing  the  permeability  of  the  insect  cuticle,  4) 
affecting  the  behavior  of  an  instct  (reducing  its  activity).  These 
methods  of  increasing  the  effectiveness  of  an  insecticide  are  not 
considered  to  be  S3mergism. 
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Antagonism  is  one  of  the  possible  results  of  the  simultaneous 
application  of  chemical  preparations  which  differ  in  their  physiologi¬ 
cal  effect;  it  is  characterized  by  the  complete  suppression  or  by 
the  attenuation  of  the  effect  of  one  substance  by  another.  Thus  if 
the  biological  activity  of  a  mixture  is  leas  than  the  biological 
activity  of  its  strongest  component,  then  it  is  said  that  in  this 
case  antagonism  has  taken  place.  Physicochemical  or  false  antagonism 
and  physiological  antagonism  are  distinguished.  At  the  basis  of 
physical-chemical  antagonism,  or  antidotal  interrelations,  usually 
lie  the  adsorption  cS  a  poison  by  another  agent,  tho  Inhibition  of 
absorption,  the  mutual  suppression  of  dissociation  or  solubility, 
the  formation  of  Insoluble  or  slightly  poisonous  compounds  and 
processes  similar  to  that.  Physiological  antagonism  is  certainly 
realized  by  the  interaction  of  pharmacological  agents  through  the 
functional  systems  of  the  animal  organism  (insect).  It  is  due  to 
the  stimulation  (or  suppression)  by  one  substance  of  the  function  of 
another,  or  as  a  result  of  the  stimulation  of  functions  opposed  to 
each  other  in  a  physiological  sense  by  agents.  In  the  first  case 
direct  antagcnlsra  is  defined,  in  the  second  --  indirect  antagonism. 

The  presence  or  absence  of  antagonism  also  depends  on  the  species  cf 
animal,  also  including  an  Insect, 


For  the  purpose  of  obtaining  a  highly  effective  and  rapidly 
acting  preparation  mixtures  are  compiled,  which  contain  insecticides, 
which  are  distinguished  by  the  mechanism  of  their  act  ..on.  Thus, 
to  DDT  are  added  pyrethrlns,  which  rapidly  paralyze  insects,  whereas 
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although  DDT  possesses  high  insecticidal  properties,  it  acts  slowly. 
This  mixture  rapidly  and  reliably  kills  insects;  furthermore,  it 
possesses  somewhat  higher  insecticidal  properties  than  DDT  alone. 


The  high  cost  of  natural  pyrethrins  and  such  valuable  qualities, 
as  low  toxicity  to  man  and  the  ability  to  rapidly  paralyze  Insects, 
undoubtedly  stimulated  the  search  for  synergists.  As  a  result  it 
was  established  that  among  a  number  of  tested  vegetable  oils  the 
most  active  synergist  was  sesame  (benne)  oil.  The  synergistic 
activity  of  sesame  oil  is  partially  explained  by  the  presence  in  its 
molecule  of  sesamin. 

It  was  found  that  pyrethroids  in  the  organism  of  insects  are 
moie  slowly  metabolized  in  the  presence  of  synergists.  This  served 
as  the  basis  for  the  synthesis  and  the  investigation  of  a  large  num¬ 
ber  of  methylenedloxyphenyl  derivatives.  It  was  determined  that  a 
considerable  portion  of  these  compounds  possesses  synergistic  ability; 
of  these  the  greatest  activity  if  possessed  by  1)  piperonyl  butoxide, 
2)  piperonyl  cyclonene,  propylysol,  and  sulfoxide,  3)  sesoxane. 
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Sesoxane  was  discovered  after  it  was  established  that  among 
the  components  of  sesame  oil  there  is  the  substance  sesamolln. 
Sesamolln  differs  from  sesamin  by  the  fact  that  its  methylene- 
dioxyphenyl  groups  are  combined  with  the  central  part  of  the  molecules 
by  an  oxygen  atom. 


Piperonyl  butoxide  continues  to  remain  a  very  Important  S5merglst 
for  the  pyrethrlns  because  of  a  number  of  well-expressed  positive 
qualities:  It  possesses  high  effectiveness  as  a  synergist  with 
respect  to  many  species  of  Insects;  It  Is  safe  for  man  and  warm¬ 
blooded  animals;  It  Is  readily  miscible  with  many  organic  solvents. 
Including  mineral  oils  and  aerosol  propellants;  it  does  not  possess 
an  odor  and  It  does  not  leave  spots;  It  is  stable  under  all  conditions 
of  storage . 

Besides  the  methylenedioxyphenyl  derivatives,  other  substances 
have  also  been  discovered  which  are  synergists  of  pyrethrln:  calcium 
phthal-6 -amide,  N-replaced  benzamides,  N-replaced  p-bromobenzene- 
sulfamldes,  and  others.  In  recent  years  the  synergist  MGK-264  has 
been  applied.  The  methylenedioxyphenyl  compounds  usually  utilized 
as  synergists  of  pyrethrln  on  the  whole  exceed  the  synergist  MGK-264 
[ N-2-ethylhexyl ) -blcyclo- (2.2. 1) -5-heptene-2-3-dlcarboximide ] . 

Allethin  is  activated  to  a  lesser  degree  by  these  compounds  than 
pyrethrln. 

The  activity  of  synthetic  insecticides  can  also  be  increased. 

The  appearance  of  house  flies  resistant  to  DDT  stimulated  the 
search  for  synergists  for  a  given  insecticide,  inasmuch  as  It  was 
expected  that  synergists  would  make  it  possible  to  apply  DDT  against 
resistant  flies  just  as  effectively,  as  previously.  Of  the  large 
number  of  studied  synergists  the  most  active  turned  out  to  be: 
bis-(p-chlorophenyl)-chloromethane,  bis- (p-chlorophenyl) -ethane, 
bis-(p-chlorophenyl) -methylcarbinol  (DMC) . 
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With  the  addition  to  DDT  of  these  three  compounds  In  the  amount  of 
7-10-75^  Its  activity  with  respect  to  resistant  strains  of  houseflies 
Increased  by  50-100  times,  and  with  respect  to  sensitive  strains  of 
houseflies  by  5-10  times.  It  is  possible  to  state  that  the  toxicity 
of  DDT  to  resistant  files  Is  activated  by  many  C'^mpounds,  containing 
two  pairs  of  phenylholold  groups,  but  the  highest  activity  was  noted 
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in  the  case,  when  a  chlorine  atom  Is  found  in  the  para  position.  If 
one  of  the  components  of  the  mixture  at  this  concentration  at  which 
it  is  proposed  to  Introduce  it  into  the  mixture  does  not  possess 
insecticidal  properties,  then  it  is  assumed  that  in  the  mixture  it 
also  will  be  nontoxic  to  insects.  Consequently,  the  increase  of 
its  effectiveness  in  the  mixture  can  be  attributed  to  synergism.  The 
coefficient  of  toxicity  is  calculated  by  the  formula: 

LKcn  of*  an  insecticide  without  admixtures 
_ - _ 

LKc^  of  an  insecticide  in  a  mixture 

pu 

If  the  results  of  the  calculation  are  considerably  greater  than 
unity,  then  synergism  has  occurred  and  if  less  than  unity,  then 
antagonism  has  occurred.  Thus,  for  example,  if  the  [Translator's 


—  term  not  identified]  of  metaphos  is  equal  to  0.0055^, 


Note: 

then  after  the  addition  of  1%  sesamex  the  IK^q  decreases  to  0.015/^, 

or  0.0055§'*q^'^^  =  0.36;  the  results  of  the  calculation  indicate 

obvious  antagonism.  In  literature  the  coefficient  attesting  to  an 
Increase  or  decrease  in  insecticidal  properties  is  called  cotoxicity. 


This  coefficient  indicates  only  the  apparent  final  result  of 
the  processes,  and  if  the  coefficient  is  Insignificantly  larger  or 
smaller  than  unity,  then  the  presence  of  synergism  or  antagonism 
cannot  be  demonstrated  by  statistical  treatment  of  the  materials. 


The  most  significant  increase  in  toxicity  with  respect  to  house 
flies  (38.7  times)  is  observed  with  a  mixture  containing  methyl-5- 
[ ethoxy (p-dimethylaminophenyl)phosphenyloxy]  crotonate  and  1%  sesamex. 
The  results  of  the  determination  show  that  the  synergistic  or  antago¬ 
nistic  activity  is  explained  ir''inly  by  the  suppression  of  certain 
biological  oxidizing  systems,  which  activate  or  detoxicate  the  com¬ 
pounds,  For  cyclodiene  compounds  after  the  addition  of  certain 
synergists  an  increase  in  toxicity  is  not  observed.  The  toxicity 
of  the  organophosphorus  and  cyclodiene  compounds,  according  to 
Sun  Yun'-bey,  Johnson,  in  some  cases  is  Increased,  in  others  is 
decreased  as  a  result  of  the  addition  of  sesamex.  Thus,  for  example. 


450 


o 


the  activity  of  malathlon' with  respect  to  body  lice  is  Increased  by 
10  times  as  a  result  of  the  addition  of  N-isobutylundecylenomlde,  With 
the  addition  of  sesamex  to  thlophosphates  and  to  thlophosphonates 
antagonism  is  noted,  but  with  its  addition  to  organophosphorus  com¬ 
pounds  containing  the  vinyl  group,  and  also  with  its  addition  to 
aminoxalate  N(C2H^)2,  to  schradan  —  N(CHj)2  synergism  is  observed. 

Many  mixtures  of  haloid -containing  (especially  chlorine-contain¬ 
ing)  insecticides  are  somewhat  more  toxic  as  compared  to  the  most 
toxic  compound  of  the  mixture.  A  mixture  of  DDT  with  the  gamma- 
isomer  of  hexachlorane  is  considerably  more  effective  than  each  of 
the  insecticides  separately.  As  observations  have  shown,  mixtures 
containing  volatile,  rapidly  acting  compounds,  and  stable,  slowly 
acting  insecticides  are  considerably  more  active  than  mixtures,  which 
contain  monotypic  compounds.  As  yet  taere  is  little  data  which  make 
it  possible  to  state  beforehand  with  which  combination  of  insecticides 
synergism  will  be  observed. 

Of  the  2900  different  Insecticidal  preparations  (aerosols, 
preparations  for  spraying,  disinfecting  powders,  and  fumigants), 
which  in  1958  were  on  the  market  in  the  United  States,  25.35^  were 
mixtures  containing  two  or  more  active  Ingredients. 
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CHAPTER  XIII 
AGENTS,  ATTRACTING  INSECTS  (ATTRACTANTS) 

Various  substances  due  to  their  physical  and  chemical  properties 
can  attract  Insects,  acting  on  their  sensory  organs  (olfaction, 
sight,  taste,  touch,  tactile  sensitivity). 

The  most  highly  developed  in  insects  is  olfaction,  but  for 
attracting  them  there  can  also  be  used  along  with  olfactory  stimuli 
auditory  and  visual  stimuli. 

Light  traps  have  found  broad  application  as  lures.  For  the  pur¬ 
pose  of  increasing  their  effectiveness  there  has  been  recommended 
the  addition  of  lysln  (a  component  of  blood,  attracting  mosquitoes) 
and  to  change  the  air  blast. 

Insects  react  differently  to  color.  For  example,  orange  and 
black  attract  flies,  but  blue  repels  them. 


The  ability  to  react  positively  or  negatively  to  any  substance 
or  phenomenon  has  vitally  Important  significance  for  insects.  At 
the  present  time  great  attention  is  being  allotted  to  this  question. 

Among  the  attractants  there  belong  substances  or  preparations 
(including  fodders),  whose  effect  brings  about  in  arthropods  a 
"locomotor"  reaction  (l.e.,  a  motor  reaction).  The  majority  of 
attracting  substances  lead  Insects  to  a  definite  goal;  feeding,  copu¬ 
lation  or  ovipositing.  As  a  rule,  attracting  substances  possess 
volatility;  their  vapors  reach  the  olfactory  or  other  receptors  of 
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insects,  causing  an  appropriate  response  reaction.  Thus,  attractants 
are  perceived  by  insects  through  specialized  chemoreceptors . 

Individual  species  of  insects  differ  considerably  in  their  reac¬ 
tion  to  odor  because  of  the  great  distinctions  in  biology  and  ecology 
There  are  substances  which  repel  some  and  attract  other  Insects. 

The  strongest  attractant  substance  forces  insects  to  make  "directory" 
movements  in  the  direction  of  the  stimulus;  attractants  act  at  a 
distance  approximately  like  light  and  sound. 

Substances  attracting  insects  can  be  an  effective  means  of 
attracting  them  for  purposes  of  their  calculation  or  extermination. 
Such  substances  can  be  found  in  nature  (in  their  natural  form)  or 
can  be  obtained  synthetically  (Alexander,  Lindquist).  The  effect 
of  an  Irritant  on  one  organ  causes  in  insects  a  change  in  the  state 
and  functioning  of  other  sensory  organs;  especially  intense  is  the 
interaction  of  the  tactile-motive  and  visual  apparatuses.  The  odor 
of  substances,  on  which  arthropods  feed,  or  the  odor  of  a  host,  on 
which  they  feed,  and  also  heat,  light,  and  so  forth  attract  insects; 
in  certain  cases  light  (especially  bright  light)  repels  them.  Right 
up  to  the  present  time  the  mechanism  of  the  action  of  attractant  and 
repellent  preparations  has  not  been  completely  studied;  of  paramount 
importance,  obviously,  are  the  chemical  structure  and  properties  of 
such  substances. 

The  most  powerful  are  the  sexual  attracting  substances,  which 
can  act  on  insects  at  great  distances  (Beroza,  Green).  However,  the 
majority  of  recommended  attracting  substances  acts  at  distances  of 
tens  of  centimeters,  and  certain  ones  only  at  a  distance  of  several 
centimeters  (Schoor).  Of  considerable  interest  are  not  only  the 
sexual  attractants,  but  also  substances  secreted,  for  example,  by 
ants,  which  mark  their  trail  in  searching  for  work;  working  ants 
strictly  follow  these  trails.  At  present  the  structure  of  these 
secreted  substances  is  already  well-known;  they  are  called  pheromones 
or  ectohcrmones . 


Of  great  Importance  Is  the  concentration  of  the  preparation, 
since  the  same  substance  at  some  concentrations  attracts,  and  at 
others  does  not  cause  any  reaction,  and  at  still  other  concentrations 
repels  arthropods.  A  good  attracting  preparation  is  considered  one, 
which  does  not  repel  Insects  at  great  concentrations  and  attracts 
them  at  very  small  concentrations,  even  from  great  distances. 

The  action  time  of  highly  volatile  compounds  is  extended  by 
limiting  the  size  of  the  treated  area  and  by  adding  nonvolatile 
substances  to  them. 

Attractants  cannot  be  found  for  all  Insects,  although  It  is 
completely  possible  that  in  certain  species  of  Insects  olfaction  is 
poorly  developed  or  is  completely  absent.  Furthermore,  for  many 
species  of  arthropods  a  method  of  determining  the  chemoreceptor  poten¬ 
tial  has  still  not  been  worked  out.  With  respect  to  their  habits  and 
life  cycle  insects  differ  among  themselves  according  to  the  acuteness 
pf  their  olfaction  and  other  properties. 

Ammonium  attracts  the  largest  number  of  different  insects,  where 
§t  29  species  28  belong  to  the  flies  (order  Diptera);  it  is  used  in 
aqueous  solutions.  At  room  temperature  ammonium  is  a  gas  with  high 
solubility  in  water.  It  is  generated  by  the  action  of  alkalis,  a 
buffer  or  even  of  water  of  ammonium  salts,  urea,  amino  acid,  or  food 
products  or  simply  by  the  decomposition  of  organic  substances. 

Of  the  acids  and  anhydrides  the  most  important  as  attractants 
are  valerianic  acid  and  cantharidin  (a  saturated  derivative  of  phtalic 
anhydride).  Of  the  amino  acids  only  arginine  possesses  weak  attracting 
properties. 

Many  attracting  substances  from  the  group  of  hydroxy  compounds 
(alcohols  and  phenols)  attract  insects,  obviously,  because  they 
possess  an  odor  approximating  the  order  of  food  products;  therefcre 
they  are  not  specific  and  cannot  be  considered  highly  effective 
preparations. 


Of  the  aromatic  ethers  the  most  effective  an.  the  mono-  and  dl- 
alkoxybenzene  with  substitution  and  without  It.  Strong  agents  are 
Ceylon  cltronella  oil  and  methyl  eugenol.  The  combination  of  this 
latter  with  the  wettable  powder  of  thlophos  Is  very  effective  In  com¬ 
bating  the  oriental  frultfly  (Dacus  dorsalis).  Methyl  eugenol 
attracts  approximately  of  the  Insects  (chiefly  males)  from  a  dis¬ 
tance  of  0.5  km,  and  they  cover  this  distance  within  15  minutes;  a 
3f6  solution  of  pyrolan  In  methyl  eugenol  attracts  male  frultflles 
from  a  distance  of  0.8  km  and  more.  The  extermination  of  the  males 
causes  a  reduction  In  the  fertility  of  the  females.  For  the  purpose 
of  combating  frultflles  cane  (reeds)  Is  treated  and  scattered  at  a 
rate  of  20-40  pieces  per  square  mile.  The  same  effectiveness  was  noted 
using  an  analogous  solution  of  DDVP  In  eugenol. 

The  majority  of  aldehydes,  apparently,  acts  Just  like  food 
attracting  substances.  Among  the  ketones  the  most  potent  compound 
Is  anlsylacetone. 

Among  repellent  and  attractant  substances  there  Is  much  In 
common:  both  the  repellents  and  the  attractant s  act  on  the  sensory 
organs:  some  attract,  others  repel;  they  also  have  their  distinctions. 
A  repellent  can  repel  several  species  of  Insects,  whereas  an  attractant, 
as  a  rule.  Is  specific,  l.e..  It  attracts  only  one  species  of  Insects. 
Even  the  best  repellent  effectively  protects  In  the  case,  when  It 
covers  the  greater  part  of  the  body  of  a  man  or  animal.  This  Is  ex¬ 
plained  by  the  fact  that  Insects  approach  It  at  a  close  distance  from 
various  sides.  A  good  attracting  substance  acts  at  great  distances, 
and  arthropods  approach  only  to  that  point,  which  attracts  them. 

The  question  automatically  arises,  can  an  Insect  develop  resis¬ 
tance  to  attracting  substances.  It  Is  difficult  to  answer  to  this 
question  with  respect  to  all  attracting  substances;  however,  with 
respect  to  sexual  substances.  It  Is  possible  to  answer  negatively. 

If  an  insect  (female)  ceases  to  react  to  an  odor  attracting  her  to 
the  male,  then  the  reproduction  potential  will  be  greatly  threatened, 
therefore  It  Is  doubtful  whether  such  a  perspective  Is  possible. 

Even  If  such  attracting  agents  are  used  to  attract  Insects  to  places 


treated  with  insecticides,  then  it  is  almost  impossible  to  conceive 
that  they  will  cease  to  react  to  these  attractants.  There  is  no 
doubt  that  attracting  substances  can  make  the  use  of  insecticides 
considerably  more  effective  and  such  joint  application  of  preparations 
will  be  an  auxiliary  means  in  combating  insects.  However,  the  appli¬ 
cation  of  an  attracting  chemical  substance  along  with  an  insecticide 
(for  example,  in  a  trap)  represents  a  definite  danger  from  the  point 
of  view  of  the  possibility  of  the  development  of  resistance  to  it, 
Inasmuch  as  this  attractant  will  "participate"  in  the  selection  of 
the  surviving  insects. 

To  distinguish  and  identify  insignificantly  small  amounts  of 
chemical  substances  having  an  odor,  attracting  insects,  there  are 
applied  at  the  present  time  gas  chromatography,  ultraviolet,  and 
Infrared  rays,  nuclear  magnetic  resonance,  and  mass  spectrometry. 

Attracting  substances  affecting  the  sensory  organs  of  arthropods 
are  divided  into  three  groups:  sexual,  food,  and  ovipositing.  The 
dominant  mechanism  of  attraction  (be  it  a  source  of  food,  a  mating 
site,  or  a  place  for  ovipositing)  is  the  positive  anemotaxis  of  an  air 
current  with  an  odor.  Upon  detecting  the  odor  the  Insect  flies  against 
the  wind  until  it  reaches  its  source.  Thus,  in  essence  the  main 
attracting  factor  is  the  odor. 

Sexual  agents  secreted  by  females  possess  high  specificity  and 
attract  only  males  of  the  same  species.  Sexual  attracting  substances 
are  the  most  effective,  because  they  can  act  at  great  distances.  In 
individual  cases  such  preparations  are  so  strong  that  an  insect 
reacts  in  the  presence  of  only  fractions  of  a  molecule. 

Considerable  difference  is  noted  between  the  reaction  of  males 
and  females  to  chemical  attracting  substances;  usually  the  male  reacts 
more  strongly;  possibly,  the  mechanism  of  the  sensory  organs  of  the 
females  is  much  weaken  in  comparison  with  the  mechanism  of  the  males. 

Drones  in  flight  are  attracted  to  the  flying  queen  bee  by  sub¬ 
stances  (trans-9-oxodec-2-enolc  acid  [Translator's  Note:  oxodecenoic 
acid,  queen  substance]),  present  (on  or  in  her)  submaxiliary  glands. 
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A  sexual  attracting  substance  is  also  secreted  by  female  honey  bees. 

In  i960  In  the  secretions  of  the  female  of  pine  sawfly  the  presence 
of  a  sexual  attractant  was  detected.  In  field  tests  It  was  demon¬ 
strated  that  a  virgin  female  was  capable  of  attracting  an  especially 
large  number  of  males;  one  Isolated  female  attracted  more  than  11,000 
males.  A  virgin  female  beet  leafhopper  attracts  numerous  males  from 
a  distance  of  15  m  downwind. 

A  study  of  the  sexual  attracting  substances  of  the  silkwom 
moth  showed  that  males  react  to  a  sexual  substance  when  it  Is  present 
at  less  than  10”^  of  a  molecule.  After  30  years  of  study  In  1965 
from  the  last  two  abdominal  segments  of  female  gypsy  moths  (Porthetria 
dlspar  L. )  sexual  substances,  attracting  males  were  isolated  and 
identified.  Prom  500,000  females  20  mg  of  pure  substance  was  extracted 
and  Identified  as  dextro-lO-acetoxy-l-hydroxy-cis-7-hexdecanol.  This 
attractant  was  synthesized  In  the  United  States,  A  related  chemical 
compound  —  12-acetoxy-l-hydroxy-cis-oxodecene  —  was  called  "gyplure”; 
it  is  easily  manufactured.  Traps  with  living  female  gypsy  moths 
placed  in  them  attract  males  located  at  a  distance  of  3.2  km  (Acrl). 

Prom  female  American  cockroaches  there  was  also  extracted  a  sub¬ 
stance,  which  attracts  males.  Prom  approximately  100,000  females  over 
a  period  of  9  months  there  was  collected  12.2  mg  of  pure  attractant; 
this  substance  had  the  form  of  a  yellow  liquid,  not  having  an  odor 
perceptible  to  man.  The  compound  was  Identified  as  2, 2-dimethyl-3- 
isopropylldene  cyclopropyl  propionate. 


The  substance  causes  typical  Intense  excitation  In  males  with 
the  presence  of  approximately  10  |j.g,  which  Is  approximately  equal 

to  30  molecules. 

The  females  of  one  species  of  moth  secrate  sexual  substances, 
which  attract  the  males  of  that  species;  one  of  these  substances  is. 
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it  Is  assumed,  hydroxy  eatery  and  the  second  —  an  unsaturated  alcohol. 
Synthetic  compounds  —  2,4,6-octatrlene-l-ol  (unsaturated  alcohol) 
Attracts  the  moth  of  the  sllkworn  at  a  concentration  of  1  M-g/mi  J  this 
is  approximately  1/10,000  part  of  the  potency  of  the  preparation  from 
the  natural  attracting  substance  secreted  by  the  moth. 

Recently  several  synthetic  compounds  have  been  obtained,  which 
possess  the  same  attracting  properties  as  the  sexual  substances: 
thc'se  are  capric  acid  and  4-allylveratrolej  the  latter  preparation 
is  especially  deserving  of  attention. 

A  very  significant  achievement  was  the  method  used  on  the  Pacific 
Ocean  Island  of  Rota  for  the  purpose  of  exterminating  male  Callitroga 
flies.  A  strong  fragrant  bait  was  used,  which  attracted  only  the 
males  of  this  fruitfly;  an  insecticide  was  introduced  into  the 
bait.  After  5  1/2  months  of  Joint  application  of  the  insecticide  with 
the  attractant  complete  extermination  of  all  males  was  noted;  as  a 
result  the  files  stopped  hatching  and  this  species  of  insect  vanished 
from  the  island. 

Similar  baits  were  created  for  the  Japanese  beetle  and  the 
European  black  beetle. 

Food  attractant s  are  not  as  effective  nor  as  specific,  as  sexual 
attractants,  but  they  are  more  available  and  can  be  broadly  applied. 
For  example,  for  houseflies  these  substances  are  fementing  sugar 
solutions,  hydrolysates  of  protein.  Juices,  vitamin  preparations  and 
bacterial  cultures.  These  substances  attract  both  sexes  of  flies. 
Fermenting  attracting  substances  act  for  a  short  period  —  4-7  days. 

The  addition  of  such  chemical  preparations,  as  pyridine  and  sassafras 
oil,  somewhat  increases  the  effectiveness  of  fermenting  attractant 
substances. 

Attracting  substances  for  ovipositing.  In  selecting  a  site  for 
ovipositing  female  flies  prefer  dec(xnposlng  organic  refuse,  in  which 
the  attractive  substauice  for  thdm  is  ammonia.  In  connection  with  this 
the  addition  to  food  baitd  of  ammonium  salts  including  ammonium 
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carbonate  attracts  flies,  especially  females.  For  certain  species  of 
flies  proteins  are  attractants,  especially  albumin;  other  species  of 
flies  (Sarcophaga)  are  attracted  by  skatole.  Indole.,  and  others. 

4 

Substances  attracting  houseflies.  At  present  with  respect  to 
flies  there  have  been  mainly  worked  out  methods  of  applying  food  baits, 
whereas  the  application  of  the  two  other  types  (sexual  and  for 
ovipositing)  has  been  only  very  sketchily  studied.  It  has  been  deter¬ 
mined  that  ammonium  carbonate  acts  as  an  attracting  substance  for 
ovipositing:  when  middlings  are  soaked  with  a  solution  of  ammonium 
salts,  females  readily  lay  their  eggs  on  such  substratum;  they  readily 
fly  to  this  odor,  even  if  the  substratum  contains  an  insecticide. 

When  flies  are  caught  in  flytraps  on  bait  not  containing  ammonium 
salts,  usually  an  equal  number  of  both  sexes  are  found  to  be  present. 

Carbon  dioxide  attracts  not  only  flies,  but  also  female  mosquitoesi, 
whereas  for  male  mosquitoes  carbon  dioxide  is  a  repellent. 

It  is  known  that  houseflies  (Musca  domestica)  feeding  on  bait 
secrete  some  substance,  which  increases  the  attractiveness  of  the  bait 
for  other  individuals  of  this  species.  The  nature  of  this  substance 
is  unknown,  but  it  has  been  established  that  it  can  be  extracted  from 
these  insects  and  dissolved  by  ethyl  alcohol  at  95°»  This  "fly 
factor"  is  an  effect  of  the  moisture  or  humidity  of  the  substrate, 
which  acts  as  a  weak  attracting  substance. 

In  combating  flies  the  application  of  food  baits  with  ln*ectlcides 
is  favorably  distinguished  from  the  use  of  only  some  insecticides 
by  two  intrinsic  properties;  first,  when  using  baits,  to  which  insects 
are  attracted,  solid  treatment  of  the  surfaces  with  insecticides 
is  not  completely  necessary;  they  are  deposited  only  on  individual 
sections,  on  approximately  1/20  part  of  the  object  (the  favorite 
places  where  the  insects  stay);  secondly,  when  using  baits  the  insecti¬ 
cide,  besides  the  intentines,  also  get  on  the  surface  of  the  insect's 
body,  which  intensifies  its  toxic  action.  These  peculiarities  of 
the  bait  method  make  it  possible  to  reduce  the  expenditure  of  the 
insecticide  in  baits  as  compared  to  its  expenditure  when  applied  on 
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a  surface  without  baits  by  5-10  times  and  more.  Flies  feeding  on 
baits  in  the  first  minutes  after  its  application  die  rapidly.  The 
application  of  baits  under  practical  conditions  does  not  require 
special  equipment.  For  man  these  poisoned  baits  are  practically 
harmless. 

Baits,  however,  must  possess  certain  specific  properties;  the 
main  one  is  the  absence  of  a  repellent  effect  on  Insects.  Thus 
substances  possessing  repellent  properties  even  to  a  minor  degree 
are  completelj'-  unsuitable  as  baits. 

The  DDT,  hexachlorane,  dleldrin,  and  other  chlorinated  hydro¬ 
carbons,  and  also  pyrethrum  according  to  the  statements  of  certain 
authors  (Z,  N.  Nudel'man  and  others),  absolutely  destroy  the  attracting 
action  of  baits. 

Food  baits  containing  an  insecticide  have  already  been  applied 
for  a  long  time  with  varying  success;  they  have  been  mainly  applied 
In  living  quarters.  Thus,  formalin  In  milk  and  beer  was  recommended 
as  early  as  191^ >  formaldehyde  and  sodium  silicylate  in  1916,  sodium 
fluosllicate  in  1928,  ethyl  alcohol,  ammonium  carbonate,  and  acetic 
acid  in  19^9  (A.  M,  Klechetova);  baits  containing  arsenic  are  also  on 
sale  at  the  present  ("flyagaric"). 

Nonetheless  these  baits  are  used  very  llmitedly  because  of  their 
low  effectiveness.  The  creation  of  really  effective  and  fast- acting 
baits  became  possible  only  when  new  insecticides  from  the  group  of 
organophosphorus  compounds  began  to  be  broadly  used;  in  particular, 
the  most  useful  for  these  purposes  were  parathlon  (thiophos),  malathlon 
(carbophos),  dipterex  (chlcrophos),  diazinon,,  DDVP,  and  others.  Due 
to  the  good  solubility  of  some  of  these  organophosphorus  compounds  in 
water  the  basic  fom  of  application  of  these  preparations  for  combating 
files  are  aqueous  solutions  (for  example,  chlorophos  soDution)  with 
the  addition  of  sweet  attracting  substances  ( insecticidal  baits) . 

In  preparing  liquid  baits  there  are  used  as  food  products  attracting 
flies  sugar,  molasses,  whey,  grain  kvass,  and  others.  Acrl  and  others 


440 


obtained  good  results  using  saccharose,  Keller  with  coauthors  ascer¬ 
tained  the  effectiveness  of  malt  baits.  Analogous  results  were  ob¬ 
tained  by  Bams  with  baits  containing  hydrolysate  of  protein. 

According  to  A.  M.  Klechetova,  acetic  acid,  and  Its  esters,  the 
higher  alcohols  and  ammonium  carbonate  attract  flies,  and  the  addition 
of  the  latter  preparation  Increases  the  attractlvity  of  baits  by  more 
than  2  1/2  times.  In  exterminating  flies  in  a  number  of.  cities  M,  N. 
Sukhova  with  coauthors  used  chlorophos  with  ammonium  carbonate  and 
obtained  good  results. 

In  preparing  liquid  baits  containing  chlorophos,  there  are  added 
to  water  5-105^  molasses,  55^  sugar,  grain  kvass,  or  whey  and 

0.1-0.55^  chlorophos.  In  exterminating  flies  outside  living  quarters 
the  baits,  which  are  used  most  broadly,  contain  lOjt  molasses  and 
0.5/^  chlorophos. 

Liquid  baits  are  mainly  applied  by  two  methods  —  in  the  first 

case  vessels  of  sheet  metal  or  any  available  dishes  (cups,  plates, 

cuvettes,  and  others)  are  set  up;  in  manufacturing  special  trays  it 

2 

Is  recommended  that  they  be  made  with  dimensions  of  500-5OO  cm  , 

^  layer  of  3-5  cm  of  bait  is  poured  into  the  vessels  and  they  are 

2 

T, laced  about  at  a  rate  of  1  vessel  for  50-55  ro  of  floor.  For  the 
flies  to  land  on,  there  is  placed  in  the  middle  of  the  vessel  at  its 
full  length  a  plait  of  rag,  cotton  or  other  material  or  wooden  strips, 
which  are  somewhat  raised  above  the  surface  of  the  liquid.  The  vessels 
with  the  bait  are  placed  in  premises  containing  animals,  in  such  a 
place  and  at  such  a  height,  that  the  animals  do  not  have  access  to 
them  (cannot  eat  nor  overturn  them).  It  is  also  possible  to  use 
paraffinized  glasses  with  a  capacity  of  5OO-5OO  cm^,  in  which  the  bait 
is  poured  and  pieces  of  cotton  in  th*  form  of  small  wads  are  placed: 
the  glasses  with  the  bait  can  be  hung  up  in  pigsties,  bams,  or  chicken 
coops.  It  is  ne jessary  to  renew  the  bait  every  6-8  days.  Baits  in 
vessels  cannot  be  recommended  for  canbating  flies  out  of  doors,  in 
fly  breeding  places,  because  they  have  a  pleasant  taste  and  children 
can  eat  them. 
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The  second  method  of  using  liquid  baits  consists  in  applying 
baits  every  1-2  days  to  surfaces  (walls,  fences,  etc.),  surrounding 
the  breeding  places  of  flies.  In  places  containing  animals  it  is 
recwnmended  that  the  baits  be  applied  to  individual  sections  making 
up  approximately  1/20  part  of  the  surface  of  the  walls.  In  proportion 
to  the  hatching  of  Imagoes  from  cocoons  flies  fly  to  the  bait  and  die 
right  there.  This  method  makes  it  possible  to  obtain  good  results  in 
a  hurry,  but  its  disadvantage  is  that  the  bait  must  be  applied  to 
the  surfaces  quite  often  (every  1-2  days).  In  those  cases,  when  in 
premises  containing  animals  it  is  possible  to  set  up  a  screen  made 
from  nonabsorbent  material  (a  sheet  of  plywood  painted  with  oil  base 
paint)  especially  for  the  application  of  bait,  the  frequency  of 
treatment  can  be  extended  to  4-5  days. 

The  application  of  insecticides  in  bait  decreases  the  danger  of 
human  and  animal  poisoning,  inasmuch  as  the  amount  of  preparation 
applied  is  insignificant.  Granulated  baits  are  pieces  of  sugar, 
sawdust,  middlings  or  kernels  of  corn  treated  with  a  solution  of  the 
preparation  with  the  addition  or  without  the  addition  of  attracting 
substances.  If  granulated  baits  are  prepared  for  storing,  then  after 
being  treated  they  are  dried  and  expended  as  needed.  They  are  used 
to  combat  flies  in  living  quarters,  in  premises  for  animals,  chicken 
coops,  and  other  places. 

V.  I.  Vashkov  and  Ye.  V.  Shnayder  as  granulated  bait  recommend  the 
use  of  sawdust  impregnated  with  Insecticide  and  molasses.  The  bait 
is  placed  in  dishes,  and  is  slightly  moistened  with  water;  the  dishes 
are  placed  in  consplcious  places;  in  premises  for  animals  they  are 
placed  in  places,  which  are  inaccessible  to  the  animals. 

Very  frequently  in  premises  for  cattle  granulated  baits  are 
scattered  on  the  floor.  Keller  and  Wilson  strewed  baits  in  places, 
where  flies  accumulate,  at  a  rate  of  25-200  g/m  depending  upon  the 
dimensions  of  the  area  being  treated.  Moreover,  com  bait  with  2<j() 
malathion  and  lOjt  granulated  sugar  provided  good  results  after  one 
treatment;  analogous  results  were  obtained  with  1^  dlazinon,  and  also 
with  dry  sugar  baits  containing  2.55^  malathion  (carbophos)  or  1% 
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dipterex  (chlorophos) .  The  effectiveness  of  such  a  method  of  combating 
files  Is  high,  but  the  action  of  the  baits  Is  short  term,  since  with 
the  movement  of  the  animals  the  baits  are  mixed  with  manure  and  mud 
and  lose  their  effectiveness. 

It  is  well  known  that  flies  readily  light  on  various  wires,  rope, 

etc.,  strung  up  in  premises.  Considering  this,  ropes  and  other  materials 

(bandages),  twisted  in  the  form  of  ropes  are  impregnated  with  bait 

containing  1^  chlorophos  or  other  Insecticide,  and  are  hung  up  in 

premises.  Flies  attracted  by  this  bait  light  on  these  "antennae" 

and  die  as  a  result  of  coming  in  contact  with  them  or  licking  the 

bait.  Ropes  with  a  diameter  of  1  cm  are  hung  up  at  a  rate  of  1  m 
2 

per  10  m  of  floor.  The  effect  of  such  arrangements  was  rather  signi¬ 
ficant. 

Keller  and  Wilson  used  "antennae"  impregnated  with  sugar  bait 
with  2^  malathlon  or  dipterex,  hanging  them  vertically  under  a  canopy 
above  the  earth,  in  barns,  cheese  dairies,  cow  barns,  and  other 
places;  they  observed  the  extermination  of  90%  of  the  flies  on  the 
first  day  the  preparation  was  applied. 

The  disadvantage  of  this  method  is  that  the  "antennae"  spoil  the 
appearance  of  premises,  therefore  they  cannot  be  used  everywhere, 
especially  in  public  places  (dining  halls,  clubs,  and  so  forth). 

However,  for  combating  flies  in  kitchens,  in  corridors,  premises  for 
animals,  and  other  such  places  this  method  is  completely  acceptable. 

In  the  United  States  there  are  used,  furthermore,  insecticidal 
baits  consisting  of  7^-7^%  grain  syrup,  29%  water,  and  1-25^  phospho- 
mlde;  they  are  used  to  treat  the  heads  of  cattle  at  a  rate  of  5  ml 
per  head.  Such  Insecticidal  baits  provide  mass  extermination  of 
stinging  flies  and  reduce  their  number  with  14-21  days  by  94-995^.  The 
best  results  were  obtained  using  phosphomide  in  the  form  of  oil 
solutions. 

For  other  species  of  flies  —  those  stinging  and  feeding  on  ani¬ 
mals  and  their  corpses  (Phenlcia  serlcata,  Lucilla  caesar,  Ph.  cuprina. 
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Calllphoridae)  -  the  attracting  odors  are  those  odors,  which  are  formed 
from  animal  dung  and  petrescent  wool,  and  also  ammonium  salt  (Stans- 
bury);  for  flies  of  these  species,  and  also  for  stable  flies  (Muscina 
stabulans)  and  houseflies  the  attractant  odors  are  also  the  odors  of 
sulfides,  ammonium  carbonate  and  other  compounds;  for  Sarcophaga  — 
skatole  (attracting  for  ovipositing). 

Substances  which  to  an  insignificant  degree  attract  Drosophila 
are  acetic  acid,  ethylacetate,  lactic  acid,  dilute  ethyl  alcohol, 
methyl-,  ethyl-,  and  isobutylacetate.  Reed  established  that  weak 
aqueous  solutions  of  alcohol  and  acetic  acid  are  only  slightly 
attractive  to  Drosophila,  and  Huetner  showed  that  a  whole  series  of 
chemical  substances  is  attractive  to  them;  among  them  were  diacetyl, 
acetaldehyde,  indole,  3-hydroxy-2-butanone,  dloxane,  acetal,  cyclo¬ 
hexane,  and  dlphenylme thane.  However,  not  one  of  these  attractants 
is  potent  enough  to  compete  with  the  natural  attracting  substances 
(West) . 

Substances  attracting  blood  sucking  insects.  Various  gnats, 
mosquitoes,  midges,  and  other  blood  sucking  arthropods  find  their 
hosts  by  the  odor  emanating  from  them,  more  correctly  by  a  complicated 
system  of  odors,  which  are  created  by  the  amino  acids  (cysteine, 
cystine,  alanine,  glutamine)  emanating  from  the  blood  through  the 
epithelial  integuments,  lactic  acid,  amines,  and  ammonia  (Gouck). 

Each  of  these  substances  possesses  weak  or  no  attracting  properties 
at  all,  and  their  mixtures  act  attractingly  even  with  very  strong 
dilution.  With  an  increase  of  temperature  and  atmospheric  humidity 
the  action  of  similar  mixtures  is  intensified  (0.  S.  Kuzin). 

Carbon  dioxide  attracts  females  of  certain  types  of  mosquitoes 
to  animals  (Wright).  Animals  with  thin  skin  are  subjected  to  more 
severe  attacks  by  insects  than  animals  with  thick  skin  because  they 
emanate  more  odorous  components  of  the  blood. 

According  to  Brown,  lysine  and  alanine  present  in  human  flood 
are  attractants  for  Aedes  aegupti  mosquitoes,  all  the  other  amino 
acids  do  not  attract  mosquitoes,  but  certain  ones  even  repel  them. 


Nitrogenous  compounds  do  not  attract  mosquitoes  (asparagine,  arginine, 
ammonia),  and  certain  ones  of  this  group  of  compounds  repel  them 
(cadaverine,  putrescine).  Anopheles  maculipennis  is  attracted  by 
carbon  dioxide,  but  Aedes  aegupti  —  by  humid  air  and  carbon  dioxide; 
mosquitoes  are  also  attracted  by  water  in  vessels,  especially  when 
grass  is  present  in  it. 

Chlorophos  is  used  to  combat  mosquitoes  not  only  by  treating 
surfaces,  but  also  in  the  form  of  attracting  baits,  consisting  of 
grass,  leaves  of  trees,  and  others.  Immersed  in  a  solution  of  the 
preparation  (1:10,000).  Such  baits  are  placed  in  clay  pots,  enameled 
dishes  or  in  the  hollow  of  bamboo  with  a  diameter  of  7-10  cm. 

According  to  the  Institute  of  Medical  Parasitology  (the  city 
of  Kangchou,  Chinese  Peoples  Republic),  acid  odor  attracts  mosquitoes; 
as  bait  the  waste  products  of  a  winery  were  used,  to  which  was  added 
chlorophos  (1:10,000);  in  attractiveness  these  baits  were  7  times  more 
effective  than  pure  water;  the  attractiveness  of  water  to  mosquitoes 
is  increased  when  it  is  stored  in  bamboo  vessels.  Water  containing 
straw  is  2  1/2  times,  and  water  after  washing  rice  in  it  is  2  times 
more  attractive  than  pure  water.  We  observed  the  application  of 
such  baits  in  the  parks  of  Kangchou;  baits  in  bamboo  vessels  located 
3-7  in  from  each  other,  were  attached  at  the  height  of  a  man  to  trees 
both  on  islands,  aAi  also  on  the  shore  of  a  large  lake.  During 
inspection  of  the  baits,  located  in  clay  pots  (in  decorative  bushes 
near  a  hospital)  and  in  bamboo  vessels  (in  the  park)  mosquitoes  were 
detected.  Insects  usually  fly  to  such  bait  and  lay  their  eggs,  in 
the  course  of  which  they  come  into  contact  with  the  bait  and  die; 
the  eggs  laid  by  them  also  die.  It  was  ascertained  that  in  baits 
containing  chlorophos  (1:10,000),  the  eggs  of  Anopheles  mosquitoes 
die  faster  than  the  eggs  of  Culex  mosquitoes.  In  bait  with  chlorphos 
(1:5000)  the  eggs  of  the  mosquitoes  of  the  first  type  died  within  2  h, 
and  the  eggs  of  mosquitoes  of  the  second  type  within  1  h. 

According  to  Jackson,  Milichiella  lacteipennls  midges  are 
attracted  under  laboratory  conditions  to  ethyl,  n-propyl,  isopropyl 
n-butyl,  isobutyl,  secondary  butyl,  tert-butyl,  n-amine,  isoamyl. 
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dimethyl,  diethyl,  di-n-propyl,  trimethyl,  and  triethyl.  The  first 
compound  attracts  midges  at  a  concentration  of  1%,  and  the  next  at  a 
concentration  of  0.1^;  the  remaining  substance  is  less  active. 

Substances  attracting  cockroaches.  To  American  and  common  cock¬ 
roaches  water,  food,  and  natural  sexual  substances  are  attractive 
substances;  to  oriental  cockroaches  bananas  and  pineapples  (containing 
oil)  are  attracting  agents.  In  the  United  States  there  has  been 
Isolated  a  natural  substance  secreted  by  females;  it  attracts  male 
cockroaches  of  the  Periplaneta  americana  species;  Jamomota  designed 
a  special  apparatus  for  collecting  the  attrfctlng  substance  from 
female  cockroaches. 

Substances  attracting  other  types  of  insects.  To  fabric  pests  - 
Tineola  blselllella  moths,  the  larvae  of  carpet  beetles  Anthrenus 
flalrpes,  A.  picens  -  attractants  are  the  urine  and  sweat  of  man, 
tomatoe  Juice,  beer,  beef  gravy,  butter,  milk,  black  coffee,  and  a 
solution  of  sugar.  It  is  considered  that  the  washing  of  wool  and 
articles  made  from  it  liberates  them  from  these  attracting  substances 
and  Inhibits  the  feeding  of  Insects,  with  the  exception  of  adult 
Insects,  which  feed  freely  on  pure  wool. 

Para-hexanols  attract  caterpillars  of  silkworm  moths. 

According  to  Tashito  and  others,  fluorescent  black  color  with  an 
energy  of  320O-58OO  A  has  turned  out  to  be  very  attractive  to  imagoes 
of  the  European  beetle  Amphymallon  mayalis.  Traps  with  such  light 
caught  70  times  more  beetles  than  the  most  attractive  chemically 
poisoned  baits  in  special  traps.  Light  traps  also  caught  beetles 
during  the  night. 


CHAPTER  XIV 

AGENTS  REPELLING  INSECTS  AND 
ACARINAL  (REPELLANTS) 

Among  the  measures  directed  towards  preventing  of  diseases 
transmitted  by  blood  sucking  arthropods  living  under  natural  conditions 
(gnats,  mosquitoes,  mites,  ticks,  and  others),  a  great  role  Is 
played  by  repellent  preparations. 

The  use  of  such  substances  was  known  as  early  as  remote  antiquity; 
to  repel  Insects  the  smoke  of  fires,  products  of  vegetable  (extracts 
of  vegetable  oils)  or  animal  origin  were  used.  It  Is  possible  to 
state  that  the  application  of  repellent  preparations  has  a  more 
ancient  history  than  the  application  of  Insecticides. 

The  study  of  repellent  dates  to  the  beginning  of  the  20th 
Century.  The  term  "repellents”  came  Into  literature  from  the  English 
language  (repellent  -  frightening)  [sic].  A  repellent  Is  used  In 
those  cases,  when  It  Is  Impossible  by  any  other  way  to  exterminate 
arthropods  with  Insecticides.  To  accomplish  the  latter  under  natural 
conditions  (In  the  woods,  fields,  etc  }  Is  most  difficult.  Repellent 
substances  can  be  used  not  only  to  protect  an  Individual  person,  but 
also  whole  groups,  for  example  workers  -  canal  builders,  peatbog 
workers,  woodcutters,  military  units,  located  In  camps  or  at  a 
post  (at  a  site  teeming  with  blood-sucking  files),  various  geological 
research  parties,  etc.  (D.  I.  Kazanskiy,  V.  I.  Stravropol'sknya). 
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Besides  the  annoyance*  which  these  blood-sucking  files  Inflict 
on  man*  the  aallva  of  these  Insects  possesses  poisonous  properties. 

Many  of  them  are  also  carriers  of  human  diseases.  For  example* 
Anopheles  mosquitoes  are  carriers  of  malaria*  nonmalarlal  mosquitoes  - 
are  carriers  of  Japanese  encephalitis  and  tularemia  viruses;  mosquitoes 
transmit  exciters  of  pappatacl  fever*  Pendlnskl  ulcer  and  kala- 
azara;  gadflies  -  anthrax*  mites  and  ticks  -  vernal  encephalitis 
and  others. 

Thus*  the  application  of  effective  synthetic  substances  possessing 
the  capacity  to  repel  arthropods  promotes  the  prophylaxis  of  malaria* 
epidemic  encephalitis*  tularemia  and  certain  other  transmitted  human 
diseases. 

At  the  present  time  repellents  are  recommended  against  mosquitoes, 
midges*  sandflies*  gadflies*  mosquitoes*  files,  cockroaches*  fleas, 
mites*  ticks  and  certain  other  arthropods.  Much  research  has  been 
conducted  to  find  preparations  repellant  not  only  to  Insects* 
but  also  to  rodents*  and  birds;  thus,  for  example*  anthraqulnone 
(-9,  10  anthraqulnone)  -  Cii,H802*  chlorazol  -  CgHj^^Cl^Og  are  used 
for  the  treatment  of  seeds  to  repel  birds. 

Repellents  can  render  an  effect  In  three  directions:  1)  prevent 
the  Insect  from  selecting  a  host*  l.e.*  by  neutralizing  the  natural 
odor  of  the  skin  and  depriving  It  of  Its  attractiveness  to  Insects; 

2)  prevent  the  lighting  and  the  puncturing  of  the  skin  (antlblte 
effect)  -  In  this  case  the  preparations  affect  the  olfactory  organs 
of  arthropods;  3)  provide  mechanical  protection  for  the  skin  (vase¬ 
line).  The  penultimate  group  of  compounds  has  obtained  broad 
application  under  practical  conditions. 

Repellents  are  produced  not  only  synthetically*  but  also  by 
extraction  from  certain  plants.  Of  the  substances  of  vegetable  origin, 
possessing  repellent  properties*  It  is  necessary  to  mention  the 
alkaloids  of  pyrethrum*  derrls*  tobacco*  anabasis  and  the  oils  - 
cltronnela*  eucalyptus*  clove*  thuja*  bergamot*  laurel  and  others. 
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Of  the  chemical  preparations  repellent  substances  were  first 
broadly  applied  as  prophylactic  agents  by  the  Russian  scientist 
A.  I.  Qrlgor'yev,  who  In  1904  used  for  these  purposes  Malinin's 
ointment.  Using  It  as  a  repellent  agent  he  obtained  a  reduction 
In  malaria  morbidity among  the  troops  of  the  Caucasus  district  by 
7^  times  as  compared  to  the  morbidity  in  a  group,  where  repellent 
preparations  were  not  applied. 

Malinin's  ointment  Is  an  antiparasitlc  agent  prepared  In  the 
following  manner:  20  parts  of  fresh  pyrethrum  are  Infused  In  100 
pprts  of  turpentine  for  7  hours,  then  the  pyrethrum  Is  filtered  out 
cem^rlfuged  and  once  again  Infused  In  30  parts  of  turpentine.  The 
powder  Is  again  centrifuged;  both  filtrates  are  mixed  and  placed  in 
a  metal  can  with  a  gauze  filter.  There  are  then  added  3%  carbolic 
acid,  3%  cinnamon  oil  and  filtered.  The  fabricated  preparation  Is 
applied  as  an  Insecticide  In  a  mixture  with  kerosene  2:1  or  1:2 
as  a  spray  for  articles  and  premises. 

In  1938-1941  Ye.  N.  Pavlovskiy,  0.  S.  Pervomayskly  and  K.  P. 

Chagln  tested  the  suitability  of  a  number  of  substances  for  treating 
protective  netting  and  recommended  the  following  compositions  for 
practical  use:  1)  15  parts  of  lysol,  8  parts  turpentine  and  77 
parts  water;  2}  20  parts  naphthalysol,  10  parts  turpentine  and  70 
parts  water;  3)  30  parts  lysol,  10  parts  turpentine,  3  parts  vegetable 
oil  or  fish  fat  and  55  parts  water;  4}  10  parts  tar,  90  parts  3%  caustic 
lye;  5)  1]^  aqueous  emulsion  of  creolln. 

Furthermore,  Ye.  N.  Pavlovskiy  also  recommended  the  following 
compositions;  1)  10  parts  of  6jE  cltronnella  oil,  40  parts  of 
camphor  alcohol,  20  parts  of  cedar  oil  and  30  parts  water;  2)  one 
part  castor  oil,  one  part  alcohol,  one  part  lavender  oil;  3)  one  part 
clntronella  oil,  4  parts  liquid  vaseline;  4)  89  parts  vaseline,  10 
parts  napthalene,  one  part  camphor. 

Good  results  were  obtained  during  a  study  of  lysol-turpentlne 
mixtures  and  a  lOS  emulsion  of  purified  birch  tar  oil;  well  Impregnated 


netting,  when  properly  used,  protects  against  mosquitoes  for  10-12 
days.  For  repelling  mosquitoes  Ye.  N.  Pavlovskiy  recommends  another 
mixture  consisting  of  anise,  eucalyptus  and  turpentine  oil. 

An  effective  repellent  agent  against  mosquitoes,  gnats,  mites 
and  ticks  are  5-10%  solutions  of  preparatlon-K  (Ye.  K.  Kachalova, 

V.  0.  Poleshayev,  P.  0.  Serglyev,  I.  A.  Tlburskaya,  I.  N.  Skorln), 
the  protective  effect  of  which  lasts  up  to  3  hours. 

According  to  A.  S.  Monchadskly,  D.  I.  Blagoveshcheyenskly, 

N*  0.  Bregatova  and  A.  N.  Ukhlna,  the  alpha-plnene  fraction  of 
Juniper  oil  Is  an  effective  agent  repelling  mosquitoes.  The  duration 
of  the  protective  action  of  netting  Impregnated  with  this  substance. 

Is  4-6  days. 

Also  finding  application  are  aerosols  of  DDT  and  hexachlorane, 
and  also  fumigating  candles  filled  with  a  mixture  of  snuff  (60 
parts)*  pyrethruffl  (30  parts)  and  saltpeter  (10  parts). 

Repellents  are  also  used  to  protect  agricultural  animals. 

The  above-mentioned  substances  do  not  posses  strong  repellent 
properties,  and  thus  for  a  long  time  attempts  have  been  made  to 
ereate  synthetically  highly  effective  repellents.  The  synthesis 
of  rep<*llents  Is  being  carried  out  In  a  number  of  countries  using 
compounds  from  various  chemical  groups. 

A  great  stimulus  to  the  development  of  repellent  research  was 
the  fact  that  the  Anglo-American  troops  on  the  Pacific  Ocean  and 
Burmese  fronts  of  military  actions  U942-1945)  sustained  large 
losses  from  malaria  and  other  tropical  diseases  caused  by  Insects  - 
louse-flies,  ticks  and  mites.  The  problem  of  obtaining  highly 
effective  repellents  had  at  that  time  a  military,  strategic  character. 
The  Anglo-American  troops  were  powerless  against  the  mosquitoes; 
many  military  units  lost  30-60!{  of  their  personnel  from  malaria 
within  the  first  10  days  of  their  arrival  at  an  area;  In  Individual 
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places  after  6  weeks  90S  of  the  arriving  replaoements  had  been  put 
out  of  action.  As  a  result  of  Intensive  research  a  nuaber  of  substances 
was  synthesized,  which  were  used  In  the  army;  among  them  were  - 
dlmethyl-phthalate  (known  as  early  as  1929*  but  then  forgotten), 
2-ethyl-l,3-hexanedlol  proposed  in  1935 t  *n^d  Indalone  -  In  1937. 

Interest  In  repellent  preparations  even  after  the  Second  World 
War  not  only  did  not  wane,  but  continued  to  expand,  which  Is 
attested  to  by  the  numerous  publications  about  new  repellents  and 
the  scientific,  research  works  In  this  field.  Simultaneously  there 
was  an  expansion  of  the  region  of  repellent  application  -  they 
began  to  be  used  not  only  to  Insects,  but  also  rodents.  Extensive 
work  is  being  conducted  to  find  repellents  to  protect  new  forest 
plantings.  Before  195^  for  the  purpose  of  repelling  mice  tetramlne 
was  used.  In  this  direction  about  5000  different  preparations  have 
been  Investigated,  but  up  to  the  present  there  Is  not  universally 
recognized  repellent  for  rodents. 

The  dlsproposltlon  between  the  great  number  of  studied  compounds 
and  the  number  of  preparations  detected  among  them,  possessing 
repellent  properties  can  be  explained  by  the  fact  that  in  studying 
the  huge  number  of  obtained  substances  the  premise  Is  followed 
that  all  the  synthesized  compounds  have  to  be  investigated  from  the 
point  of  view  of  the  presence  or  absence  In  them  of  properties 
repellent  to  arthropods.  Such  an  approach  to  the  search  for  new 
preparations  can  be  called  a  search  In  the  dark;  these  searches, 
undoubtedly,  lead  to  desirable  results,  but  they  require  the  expen¬ 
diture  of  huge  amounts  of  labor.  Thus,  the  Importance  of  repellent 
substances  recommended  for  combating  arthropods  does  not  have  a 
scientific  basis  resting  on  the  chemical  structure  of  the  given 
substance;  In  connection  with  this  not  one  of  the  repellents 
recommended  In  practice  satisfies  our  requirements  completely. 

The  criteria  of  a  truly  Ideal  repellent  are:  the  complete 
protection  of  man  or  animals  from  arthropods;  isaximum  effectiveness 
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in  a  Bilnlmuni  dose;  the  absence  of  an  undesirable  odor;  the  absence 
of  toxicity  (or  mild  toxicity)  to  warm-blooded  animals;  a  low  cost 
for  the  preparation  and,  finally,  facility  In  its  application. 

The  preparation  should  neutralize  the  odor  of  man  for  Insects  and 
should  possess  prolonged  repellent  properties  when  It  Is  applied 
to  clothes  In  small  quantities. 

Attempts  were  made  to  f^nd  repellents  possessing  repulsive 
properties,  when  they  are  taken  Internally.  However,  It  Is  obvious 
that  such  repellents  cannot  be  recommended  for  broad  application, 
liAsmuch  as  In  principle  it  Is  more  correct  to  use  repellents 
as  external  agents. 

In  a  number  of  countries  (USSR,  the  United  States,  Czechoslovakia, 
England  and  others)  attempts  are  being  made  to  shed  light  on  the 
mechanism  of  the  action  of  rpellents. 

In  studying  the  connection  between  the  effectiveness  of  a 
preparation  and  its  structure  It  was  established  that  the  majority 
of  compounds  effective  with  respect  to  Aedes  aegypti  mosquitoes 
for  3  hours  or  longsr,  belongs  to  the  following  four  classes:  amides, 
alcohols,  ethers  and  esters.  Few  good  repellents  have  been  found 
among  the  hydrocarb  t.  Almost  all  1,3-dlols  possess  repellent 
properties  to  a  certain  extent.  Cei'taln  hydroxy  esters  also  had 
a  repellent  action.  This  served  as  a  clue  for  further  Investigations, 
as  a  result  of  which  it  was  established  that  the  N,N-dlalkylamides 
are  deserving  of  special  attention. 

Also  studied  was  the  dependence  of  repellent  properties  of 
preparations  on  the  presence  of  individual  atoms  and  their  position 
In  the  molecule.  It  was  shown  that  the  effectiveness  of  oreparatlons 
used  against  mosquitoes  Increases  with  the  presence  of  oxygen  in  the 
molecule  Independently  of  Its  position;  the  best  compounds  are  those 
which  dissolve  well  In  fats  and  w?ter.  The  atter>pts  to  deterreine 
the  influence  of  a  nitrogen  atom  on  the  repellent  properties  of 
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substances  were  not  successful.  Systematic  investigations  of  organic 
compounds  In  the  form  of  chemical  series  were  conducted  for  the 
purpose  of  establishing  the  depende.ice  of  repellent  action  on  the 
presence  or  location  of  both  radicals  and  also  atoms  In  the  molecule. 

As  a  ref  lit  of  the  Investigations  It  was  established  that 
phenyl  radlcaa.s  and  the  presence  of  the  hydroxyl  group  Intensify 
the  repellency  of  a  preparation  (In  experiment).  The  effectiveness 
of  compounds  of  homolgous  series  of  cyclohexanes  aliphatic  acids 
Increases  In  proportion  to  the  increase  of  the  number  of  carbon 
atoms  in  the  structural  chain,  but  only  to  certain  limits,  after 
which  the  activity  starts  to  decrease.  Among  the  10  preparations 
of  this  series  the  most  effective  turned  out  to  be  cyclohexane, 
carboxylic  acid,  cyclohexaneacetlc  acid,  cyclohexanepropionlc  acid 
and  cyclohexanebutyrlc  acid. 

V.  I.  Vashkov,  M.  I.  Brun,  M.  L.  Pcdder  and  Yu.  P.  Shumayeva 
studied  51  preparations  from  different  chemical  groups;  the  best 
results  were  obtained  with  acetylanallde  compounds,  which  In 
effectiveness  are  almost  equal  to  dimethyl  phthalate. 

Dimethyl  phthalate  and  propyl>N,N->dlethylsucclnate  are  effective 
against  a  mixed  population  of  mosquitoes. 

An  effective  repellent  Is  the  ester  of  amygdallc  acid,  which  with 
difficulty  Is  removed  by  washing  and  prolonged  wearing  (up  to  ^10 
hours) . 

According  to  P.  S.  Batayev,  L.  V.  Ivanova,  Z.  0.  Vorob’yeva 
and  V.  V.  Almazova,  N-benzoylplperldlne,  N-phenylucetylplperldlne 
and  N,N-dlethylamlde  phenoxyacetic  acid  are  highly  effective  repellents 
with  a  considerably  more  prolonged  protective  action  than  dimethyl 
phthalate. 

There  are  also  data  about  the  fact  that  the  amides  with  the 
dimethyl  groups  on  the  same  carbon  atom  united  uy  a  double  bond 
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(carbon  with  carbon),  posseaa  good  repellent  properties.  Chlorine- 
substituted  amides  on  the  whole  possess  high  and  stable  arthropod 
repellent  properties,  but  many  of  them  have  a  harmful  effect  on  the 
human  skin. 

There  has  also  been  studied  the  dependence  of  the  repellent 
qualities  of  a  preparation  on  the  physical,  chemical  properties. 
Including  the  boiling  point  of  the  substance. 

However  all  efforts  to  establish  an  exact  dependence  of  the 
repellent  properties  of  a  substance  on  the  chemical  structure  have 
turned  out  to  be  up  until  now  unsuccessful. 

The  repellent  properties  of  a  preparation  depend  on  Its  volatility 
only  those  compounds  whose  boiling  point  Is  not  lower  than  280** 
are  suitable  as  repellents  effective  for  6  hours.  Any  preparation 
with  a  boiling  point  of  200®  at  760  mm  Hg  Is  unsuitable.  Roadhouse 
showed  that  the  maximum  rep^llency  Is  noted  in  those  compounds, 
whose  boiling  point  fluctuates  from  230  to  260®.  A  similar  point 
of  view  has  also  been  expressed  by  other  researchers.  There  is 
no  doubt  that  the  preservation  of  the  repellent  properties  to  a 
considerable  extent  depends  on  the  boiling  point  of  a  preparation, 
which  should  exceed  body  temperature  by  approximately  8-10  times. 

With  such  relationships  the  preparation  slowly  e\aporates  from  the 
open  parts  of  the  body,  especially  If  It  Is  subjected  to  insulation. 

According  to  Wright,  the  physical  basis  of  repellency  (with 
respect  to  mosquitoes)  Is  molecular  vibration  causing  Infrared 
adsorption  C21. 7  v)*  Unfortunately,  the  author  does  not  present  data 
about  whether  Insects  are  repelled  by  substances,  a  molecule  of 
which  possesses  this  or  some  other  characteristic  vibration. 

According  to  Qousk  and  Bowman,  repellents  applied  on  the  hands 
of  3  men  did  not  affect  the  liberation  of  moisture,  but  dimethyl 
phthalate,  dlethyltoluamlde  and  ethylhexanedlol  reduced  the  amount 


of  carbon  dioxide,  liberated  by  2  men,  and  for  the  3rd  -  only  from 
the  effect  of  the  dlethyltoluamlde.  In  the  presence  of  the  natural 
attractiveness  of  the  human  skin  In  the  absence  of  a  repellent  the 
formation  of  carbon  dioxide  has  a  direct  relationship  to  Its  attracting 
properties  and  the  formation  of  moisture  Is  Inversely  proportional 
to  these  properties. 

Obviously,  the  degree  of  repellency  of  preparations  depends 
not  only  on  their  physical,  chemical  properties,  but  also  on  the 
chemoreceptors  of  the  Inse^^ .  Therefore  a  clarification  of  the 
mechanism  of  the  action  of  repellents  Is  possible  only  by  combining 
the  Investigations  of  the  Insect  rece^'tors  and  the  chemical  v'ropertles 
of  the  repellents.  Although  chemoreceptors  are  very  simple  sense 
organs,  their  location  and  morphology  up  to  the  present  time  have 
not  been  exactly  ascertained,  with  the  exception  of  certain  cases. 

By  1962  the  repellent  properties  of  approximately  20,000 
compounds  had  been  studied.  Basically  the  Investigations  were 
dedicated  to  searching  for  preparations  possessing  universal  properties, 
including  the  ability  to  repel  blood>sucklng  flies.  For  practical 
use  for  the  purpose  of  protecting  people  about  60  compounds  were 
recommended.  This  number  does  not  satisfy  the  need  for  repellents 
because  each  preparation  possesses  Its  greatest  effectiveness  with 
respect  to  only  one  particular  species  of  insect.  Furthermore, 
one  should  not  forget  that  Insects  with  prolonged  application  of 
one  and  the  same  preparation  adapt  to  It  and  become  resistant. 

A  List  of  Repellents  Which  were  Effective 
in  Laooratory  and  Field  Tests 

N  eye lohexy l-alpha-butoxyacetamlde ; 

N-cyc lohexy 1-2-butoxyetnoxyacetamide ; 

N-n.butylacetanlllde; 

N-n-propylacetanlllde j 

2-phenoxyethyl  ester  of  acetic  acid; 

2,2-thlodlethyl  ester  of  aeetoacetic  acid 


p-methoryacetophenone i 
Dl-p-propyl  ester  of  adipic  add; 
o-chloro-N  ,N~dlethylbenzainlde ; 
o-ethoxy-N,N-dlethylbenzamlde ; 

2>chloroplienyl  ester  of  benzoic  acid; 

Benzyl  benzoic  acid  ester; 

Benzyl  ether; 

Cls-dlmethyl  ester  of  blcyclo-(2,2,l)-5-heptene-2,5-dlcarboxyllc 
acid; 

Furfural-copolymer  of  butadiene; 

1-  (0-methoxyphenyl )-3-butene-l-ol ; 
Trlchloroacetylchloroethylamlde; 

P-propyl  ester  of  cinnamic  acid; 

Cltronellal; 

2- cyclohexylcyclohexanol; 

2-methyldecanedlol-3  >  5 ; 

Diethyl  ester  of  cyclohexane-1, 2-dlcarboxyllc  acid; 

2- ( 2-butoxyethoxy )-ethanolacetate ; 

2- ( 2-ethylhexyloxyethoxy )-ethanol ; 

2-phenoxy-et ano lac  et  at  e 

bis- ( 2-buteny lene )-2 , 3 1 ^ » 5-tetrahydro furfural ; 

bis- ( 2-buteny lene )-2 , 3 , ^  *  5-tetrahydrofurf uryl  alcohol ; 

2-ethyl-l,3-hexanedlol  (Rutgers-612); 

Beta-phenylethyl  ester  of  hydracryllc  acid; 

Alpha-hydroxyphenyl  ethyl  ester  of  Isobutyrlc  acid; 

Amyl  ester  of  amygdallc  acid; 

Hexyl  ester  of  amygdallc  acid; 
n-propyl  ester  of  amygdallc  acid; 
tert-dodecy 1  mercaptopolyoxyethylene ; 

Alpha-naphthol- ( 1-napht-ol ) ; 

Beta-naphthol- ( 2-naphth-ol ) ; 

2  >  3 1  ^  1 6- tetrachlorophenol ; 

2,4, 6-trlchlorophenol ; 

Phenoxanthlne ; 

Dlbutyl  ester  of  phthallc  acid; 

Diethyl  ester  of  phthallc  acid; 


Dlmtthyl  ester  of  phthallo  told; 

N-s-butylphthalamlde 

Alpha-t ast-butylplperonyl  aleohol ; 

Bytoxypolypropyleneglycol  (MB  800); 

2-ethyl- 2-butylpropanedlol-l , 3 ; 
2-amlno-3-l8obornyloxy-2-methylpFopanol-l; 

Alpha,  alpha,  beta-trlchloroproploamlde; 
Dlproplonate-pentanedlol-l ,5; 

Proplophenone-oxlme ; 

Butyl  eater  (Indalone); 

3,^-dlhydro-2,2-dlmethyi-4-oxo-2H-pyran-6-of  carboxylic  acid; 
Diethyl  ester  pyrldlne-2,5-of  dlcarboxylic  acid; 

Dipropyl  ester  pyrldine-2,5-of  dlcarboxylic  acid; 

2-phenyl  ester  of  salicylic  acid; 

N-n-diethyl-propyl  ester  of  aminosucclnic  acid; 

N-amy Isucclnamlde ; 

p-dlmethylamlne-phenyl  ester  of  thlocyanlc  acid; 

N-n-dlethyl  ester  of  m-toluamide; 

Undercyllc  acid. 

At  the  present  time  of  the  large  number  of  recommended  agents 
the  following  preparations  are  widely  used  in  practice:  benBlmln.- 
dimethyl  carbate,  dimethyl  phthalate,  dlethylmetatoluamlde  (DET), 
indalone,  kluzol  and  2-ethyl-l,3-hexanedlol  (EHD)  and  others. 

Bensimim 

Benzimim  - 

CH; 

Sn-C-C,!!, 

Synonym-hexamid.  Prom  the  amide  group  P.  B.  Terent'yev,  A. 

N.  Kost  and  A.  N.  Terent'yev  suggested  N-bensoylhexamethylenlmlne 
as  a  repellent  and  developed  the  technology  for  obtaining  it. 


This  preparation  Is  a  colorless  or  slightly  yellowish  liquid, 
slowly  crystallizing  In  air  and  having  practically  no  odor.  Its 
molecular  weight  Is  203.27;  Its  melting  point  Is  3^-36®;  Its  boiling 
point  is  1^7®  at  1-2  mm  Hg  or  190-190.51  at  12  mm  Hg.  Its  coefficient 
of  refraction  at  37®  Is  1.55*  The  specific  heat  capacity  In  the 
temperature  Interval  19-30®  Is  equal  to  0.68  cal/deg.  It  Is  Insoluble 
In  water,  but  dissolves  In  methyl,  ethyl  and  Isopropyl  alcohol, 
acetone,  chloroform  and  dlchloroethane.  It  Is  moderately  soluble 
In  benzene,  gasoline,  solar  oil.  With  water  in  the  presence  of 
emulsifiers  (OP-7  and  others)  it  forms  rather  stable  emulsions 
together  with  DDT  and  other  chlorinated  hydrocarbons.  It  is  stable 
during  prolonged  storage  and  under  the  effect  of  sunlight. 

The  repellent  properties  of  the  preparation  have  been  studied 
by  a  number  of  authors  (K.  P.  Andreyev,  M.  L.  Fedder;  S.  6.  Gladkikh; 
N.  A.  Sazonov;  Ye.  Kh.  Zolotarev  and  others).  According  to  the  data 
obtained  the  preparation  In  summer  at  23®  protects  a  man  for  9 
hours,  and  dimethyl  phthalate  under  these  same  conditions  protects 
for  l|-  hours.  In  the  Artie  region  the  protection  time  provided 
from  mosquitoes  by  benzlmln  Is  8  hours,  and  by  dimethyl  phthalate 
is  3  hours.  In  the  region  of  Norll’sk  at  a  temperature  of  20® 
the  protection  time  provided  by  benzlmum  was  16  hours,  and  by  dimethyl 
phthalate  3^  hours. 

2 

A  dose  of  benzlmln  of  5  mt/m  prevents  mosquito  bites  through 
fabric;  at  this  concentration  Its  repellent  properties  are  equal 
to  dlethyltoluamlde.  Benzlmln  Is  used  to  treat  clothes,  netting, 
etc. 


G 


When  It  was  used  to  protect  agricultural  animals  from  gadflies 
It  turned  out  that  after  spraying  cows,  calves,  and  horses,  with  a 
benzlmln  emulsion  the  preparation  protected  them  for  51-91  hours 
depending  upon  the  activity  of  the  gadflies.  Under  analogous 
conditions  polychloroplnene  protects  for  46  hours.  After  treatment 
with  benzlmum  deer  were  not  subjected  to  attack  by  blood-sucking 
flies  for  11-15  hours. 

f) 
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Benzlmln  is  of  Indubitable  Interest  from  the  point  of  view  of 
being  a  raw  material  (a  waste  of  chemical  production)  and  it  is 
relatively  inexpensive. 

According  to  N.  A.  Sazonova  and  A.  P.  Volkovaf  benzimin  is  only 
slightly  toxic  to  animals.  Thus,  upon  its  oral  administration  in 
vegetable  oil  to  white  mice  the  LD^qq  was  1750  mg/kg,  and  the 
was  equal  to  1250  mg/kg;  a  dose  not  causing  toxic  symptoms  is  equal 
to  750  mfr/kp.  When  oil  solutions  of  benzlmln  were  administered 
subcutaneously  the  for  white  mice  was  equal  to  1250  mg/kg,  and 

the  LD^q  -  750  mg/kg;  a  dose  not  causing  toxic  symptoms  was  250 
mg/kg. 

2 

The  application  of  0.5  mt  of  pure  benzimin  on  25  cm  of  the 
skin  of  a  rabbit  causes  mild,  barely  noticeable  hyperemia,  and  the 
use  of  tne  preparation  in  the  form  of  50-25‘‘10-5X  alcohol  solutions 
also  for  cutaneous  application  to  a  rabbit  at  the  same  rate  does  not 
cause  skin  irritation. 

With  the  introduction  of  1  drop  of  pure  benzlmln  into  the 
conjunctival  sac  of  the  eye  of  a  rabbit  there  was  noted  within  10 
minutes  hyperemia  of  the  mucous  membrane,  which  became  considerably 
more  pronounced  in  the  course  of  twenty-four  hours  simultaneously 
there  is  also  observed  turbidity  of  the  cornea.  After  2  days  the 
hyperemia  begins  to  decrease,  but  it  remains  quite  considerable 
even  on  the  3rd  day;  the  turbidity  of  cornea  lasts  for  more  than 
7  days. 


Bis-Butenylene-Tetrahydrofurfural 
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Bis-butenvlene-tetrahydrofurfural  or  2,3,^,5-bls(A  -butenylene)- 
tetrahydrofurfural-C  13“i6°2’ 


Synonyms:  repellent  NQK-11,  butadiene-furfural  copolymer  and 
others.  It  Is  a  pale-yellow  liquid;  its  boiling  point  Is  307®, 
its  index  of  refraction  is  1.5240,  the  specific  gravity  at  20®  is 
1.120,  it  is  not  soluble  in  water  and  in  diluted  alkali.  It  forms 
oxime,  its  melting  point  is  97-98®;  2,4-dinltrophenylhydrozone, 
its  melting  is  point  153® •  It  was  proposed  in  1952  as  a  repellent, 
it  acts  effectively  on  cockroaches,  stable  flies  (common  and  coW), 
mosquitoes;  it  is  recommended  for  the  treatment  of  dairy  cattle,  it 
is  compatible  with  the  majority  of  insecticides.  It  is  used  in 
combination  with  pyrethrln  and  with  a  synerfe,ist  in  oil,  at  0.2  weight 
%  for  treating  cattle.  The  acute  oral  for  (rats)  is  2500 

rog/kg.  There  is  no  noticeable  effect  when  they  are  fed  with  it  for 
90  days  at  a  rate  of  20,000  parts  per  million  per  day. 

Dibutyl  Phthalate 

Dibutyl  phthalate  -  0^^O^H22  ~  dibutyl  ester  of  phthallc  acid. 
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It  is  a  transparent,  colorless,  oily  liquid  with  a  very  weak 
odor.  Its  specific  gravity  is  1.046.  Its  melting  point  is  35®, 
its  boiling  point  324®;  viscosity  is  2.80.  The  preparation  possesses 
rather  strong  repellent  properties  with  respect  to  ticks  and  mites. 

Dimethyl  Carbate 

Dimethyl  carbate  - 
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This  Is  a  liquid  with  a  light  to  dark-brown  color  and  a  pleasant 
odor;  its  specific  gravity  at  25®  Is  1.155;  Its  Index  of  refraction 
at  25®  Is  1.4829;  Its  boiling  point  Is  114-115®  at  ?.8  mm  Hg.  It 
dissolves  In  organic  solvents  and  does  not  dissolve  In  water. 

Dimethyl  Phthalate 
Dimethyl  phthalate  —  (COOCH^)2. 


0:‘: 


It  is  the  dimethyl  ester  of  phthalic  acid.  It  Is  obtained  by 
the  action  of  methyl  alcohol  on  phthalic  anhydride.  Dimethyl  phthalate 
is  a  colorless  liquid  with  a  weak  aromatic  odor,  readily  soluble 
in  organic  solvents  (alcohol,  ether,  acetone,  benzene)  and  almost 
Insoluble  in  water.  Its  specific  gravity  at  a  temperature  of  20** 
is  equal  to  1.1905;  its  boiling  point  at  a  pressure  of  760  mm  Hg 
is  282-285®.  This  preparation  Is  Inflammable  therefore  It  Is  necessary 
to  store  and  to  use  It,  taking  precautions  against  fire;  It  is 
necessary  to  store  It  In  dark,  glass  dishes. 


The  preparation  Is  produced  by  Industry  In  large  quantities  for 
technical  purposes.  • 

Dimethyl  phthalate  is  highly  effective  with  respect  to  mosquitoes. 
It  is  used  for  the  direct  treatment  of  exposed  parts  of  the  body, 
and  also  for  treating  clothes  and  other  soft  articles  (gauze  hoods, 
kerchiefs,  protective  netting,  stocking,  socks,  gloves,  oversleeves, 
and  others).  Pure  dimethyl  phthalate  protects  from  gnat  and  mosquitoes 
bites  for  1-6  hours;  15]{  glycerine  or  vaseline  emulsions  and  a  20% 
alcohol  solution  -  for  1-5  hours;  a  101  alcohol  solution  protects 
for  1-li  hours. 


Dimethyl  phthalate  is  nontoxic  for  animals  even  with  Its 
prolonged  use.  According  to  S.  0.  Oladklkh,  repeated  application 
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of  tho  preparation  (In  certain  cases  dally  during  the  course  of 
iBonths)  does  not  cause  any  toxic  symptoms;  when  It  was  used  In 
large  quantities  no  complaints  were  forthcoming  about  this  prep¬ 
aration. 

Among  the  homologs  of  dimethyl  phthalate  the  most  repellent 
properties  belong  to;  dlpheptyl  phthalate »  dloctyl  phthalate  and 
dlnoyl  phthalate  (the  last  two  substances  were  first  obtained  at 
the  Central  Scientific  Research  Dlslnfectlonal  Institute  In  1950 
by  N.  1.  Brun). 

Among  the  analogs  of  dimethyl  phthalate  the  repellent  properties 
are  best  of  all  expressed  In  methylterplnyl  phthalate,  ethyldlmethyl 
phthalate  and  methyl— (beta-chloroethyl)— phthalate  (these  substances 
were  also  first  synthesized  by  M.  1.  Brun). 

Strong  repellent  properties  are  also  possessed  by  ethylene-bls- 
methyl  phthalate  and  trlethylene-bls-methyl  phthalate.  Among  the 
analogs  of  dimethyl  phthalate  there  Is  observed  a  general  tendency 
towards  an  Increase  In  the  repellent  properties  for  substances  with 
higher  molecular  weight. 


Dlethylmetatoluamlde 

% 

Dlethylmetatoluamlde  -  “  N,N-dlethylmetatoluainlde. 
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Synonyms:  metadelphene ,  DET.  It  was  proposed  as  a  repellent 
In  1956.  Orlando  laboratory  In  Plorldt.  (the  United  States).  In 
the  USSR  It  was  synthesised  In  the  Central  Scientific  Research 
Dlslnfectlonal  Institute  In  1958  by  Ye.  S.  Iglltslna.  The  preparation 
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l8  produced  in  three  isomeric  forms.  At  room  temperature  the  meta- 
Isomer  Is  a  liquid;  the  ortho-  and  paraisomers  -  solids.  The 
commercial  preparation  usually  contains  85*95%  metaisomer  and  15*5% 
para-  and  orthoisomers  respectively.  All  three  Isomers  possess 
repellent  and  Insecticidal  properties  (Insecticide-repellent);  the 
most  active  Is  the  metaisomer  (Ya.  A.  Mandel'baum). 


The  preparations  produced  In  the  United  States  and  Holland 
contain  95*97%  diethylmetatoluamlde;  Its  x'efractlve  Index  at  20** 
is  1.5204-1.5235;  Its  boiling  point  is  111*'  at  1  mm  Hg.  The  molecular 
weight  Is  191.25.  The  flash  point  Is  155^.  Its  viscosity  at 
30**  is  13.3;  the  acidity  is  0.01-0.15;  the  moisture  content  Is 
0.08-0.3%.  Its  chromatlclty  according  to  Hansense  Is  50-100.  Its 
odor  Is  weak  (in  the  absence  of  impurities). 

Diethylmetatoluamlde  possesses  universal  properties  -  It  repels 
all  forms  of  gnats,  stable  flies,  gadflies,  biting  midges,  mites, 
ticks,  and  other  arthropods.  The  purer  the  preparation,  the  more 
effective  it  is.  The  presence  of  acid  and  other  Impurities  Irritates 
the  skin.  The  preparation  is  used  to  treat  skin  and  clothes  either 
In  the  form  of  50%  alcohol  solutions,  or  In  the  aerosol  form  with 
freon. 


The  OET,  when  used  in  Its  pure  form  forms  on  the  surface  of 
the  skin  an  oily  layer,  which,  drying  within  several  minutes.  Is 
turned  into  a  film.  Being  applied  In  the  f c rm  of  alcohol  solutions 
or  In  the  form  of  aerosols  containing  alcohol.  It  gives  an  almost 
Inconspicuous  film,  which  insignificantly  affects  skin  respiration 
and  preserves  the  properties  to  repel  Insects  lor  several  hours. 

It  differs  from  other  repellents,  which,  being  applied  In  th) 
necessary  amounts,  leave  the  skin  with  an  oily  or  fatty  sensation. 

The  absence  of  greasiness  combined  with  the  mild  odor  also  makes 
OET  completely  acceptable  fror  a  cosmetic  viewpoint. 

According  to  A.  I.  Cherepanov  and  N.  P.  OojMyunova,  netting  worn 
next  to  the  skin  and  net- like  hoods  Impregnated  with  dlethyltoiuamlde 
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of  metatoluold  acid,  protect  a  person  well  from  attack  by  mosquitoes 
and  gadflies  for  a  month  and  more.  They  are  convenient  to  use  and 
do  not  cause  skin  irritation  (with  good  purification  of  the  prep¬ 
aration).  They  can  be  used  with  success  for  the  Individual  protection 
of  people  from  blv.>d- sucking  flies  In  lumbering,  on  geological 
exploration  survey  parties.  In  agricultural  field  work  and  other 
works  In  the  northern  regions  of  Siberia. 

For  treating  netting  canopies  V.  I.  Saf’yanova  recommends  using 
dlethyltoluamlde  at  a  rate  of  20  ml  of  pure  preparation  per  m 
of  netting.  Coveralls  Impregnated  with  DET  and  benzlmln  retain 
their  repellent  properties  for  2  years. 

As  a  result  of  tests  conducted  by  N.  A.  Blolovlch,  A.  A.  Potapov 
and  V.  V.  Vladimirova  It  was  established  that  30-401  solutions  of 
DET  In  701  ethyl  alcohol  repel  gadflies  of  the  genus  Tabanus 
(Tylostlpla)  for  8  hours.  A  definite  dependence  of  the  action  of 
repellents  on  the  species  makeup  of  Tabanus  was  established;  T. 
bromlus  and  T.  macullcomis  appearing  in  July  are  not  driven  away 
by  repellents  as  well  as  the  spring  species. 

The  repellent  action  of  DET,  obviously,  depends  mainly  on  the 
vapors  of  the  preparation,  and  In  the  presence  of  low  concentrations 
when  the  insects  are  In  contact  with  the  treated  clothes  It  has  an 
irritating  effect  on  the  Insects  themselves. 

liiC  DET  dissolves  plastic  articles,  but  It  does  not  affect 
nylon,  dacron  and  natural  fibers;  however  It  cannot  be  applied 
to  acetate  fabric.  It  softens  artificial  silk  and  dynel;  painted 
and  varnished  surfaces  can  be  damaged  if  this  preparation  Is  applied 
to  them. 

One  of  the  great  advantages  of  DET  is  that  it  continues  to 
have  a  protective  effect  even  after  the  skin  is  washed  with  water. 

This  is  very  important  for  fishermen,  and  also  for  servicemen. 
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who  have  to  he  frequently  out  in  the  rain,  cross  streams,  go  through 
swamps  In  regions  teeming  with  mosquitoes,  etc.  The  preparaticn 
holds  fast  to  fabric  and  Is  retained  even  after  washing.  According 
to  Pierce,  In  experiments  with  stable  flies  DET  was  retained  on  the 
skin  of  the  arms  and  hands  after  28  attempts  to  wipe  It  off  with  a 
piece  of  fabric. 

According  to  the  cited  author  che  preparation  protects  against 
Amblioma  amerlcanum  ticks;  when  applied  to  clothes  It  repels  ticks 
for  3-^  weeks. 

Data  exist  concerning  the  fact  that  DET  poseesses  high  repellent 
properties  with  respect  to  Anopheles  and  Culex  mosquitoes.  After 
It  Is  applied  to  fabric  It  preserves  Its  repellent  properties  with 
respect  to  Aedes  aegyptl  for  58  days. 

Dlethyltoluamlde  Is  also  effective  with  respect  tc  Xenopsylla 
cheopls  fleas. 

In  comparison  with  unpurlfled  DET  dimethyl  phthalate  (40]^) 
with  a  cream  filler  with  respect  to  Anopheles  and  Culex  (females) 
laboratory  cultures  It  turned  out  that  dimethyl  phthalate  with 
the  cream  was  effective  for  4-4^  hours,  whereas  dlethyltoluamlde 
protected  from  mosquito  bites  for  18-20  hours. 

Schmidt  and  others  applied  dlethyltoluamlde  tagged  with  radio- 
carbon  to  the  skin  of  guinea  pigs  at  a  rate  cf  6.97-7.11  mg  per  cm  ; 
within  6  hours  there  had  evaporated  from  this  area  0.96-0.98  mg, 
as  a  result  of  absorption  when  the  repellent  was  removed  only 
1.32-3.4  mg/cm  were  obtained;  the  remaining  amount  of  preparation 
had  been  absorbed  by  the  skin.  Measurements  of  radioactivity 
showed  that  Its  peak  In  the  urine  was  reached  12  hours  after  the 
application;  after  24  nours  with  the  urine  there  had  been  excreted 
80|,  and  after  8  days  93%  of  the  preparation  absorbed  by  the  skin 
and  only  0.15%  had  been  eliminated  with  the  excrement.  A  very 
Insignificant  amount  of  radioactivity  was  noted  In  the  blood,  skin, 
and  hide. 
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All  3  Isomers  of  dlethyltoluamlde  are  slightly  toxic  to  animals, 
and  the  orthoisomer  Is  the  most  toxic,  then  come  the  meta-  and  para- 
Isomers . 

With  the  application  to  normal  and  Injured  skin  of  various 
solutions  of  DET  containing  70%  of  the  meta-  and  30J(  of  the  paralsomers, 
there  was  not  observed  any  noticeable  Irritation  or  Increase  In  the 
sensitivity  of  the  skin.  Applying  the  preparation  to  Injured  skin 
did  not  l<^ngthen  the  healing  time.  Furthermore,  there  cannot  be 
Applied  to  the  skin  a  50%  DET  solution  and  then  put  treated  clothing 
directly  on  the  body  (without  underclothes).  Because  of  the  Irritating 
effect  of  DET  solutions  to  the  mucous  membrane  of  the  eyes,  it 
Is  necessary  to  guard  against  the  Indicated  solutions  getting  Into 
the  eyes. 

DET  Is  slightly  toxic  to  animals.  With  tho  dally  administration 
of  the  preparation  to  rats  and  dogs  at  a  dosage  of  300  mg/kg  dally 
for  90  days  no  symptoms  of  poisoning  were  noted.  Acute  toxicity 
with  the  oral  administration  to  rats  of  LD^q  Is  1950  mg/kg.  When 
applied  to  the  skin  of  rabbits  the  LD^q  Is  equal  to  approximately 
1000  mg/kg.  The  placing  of  DET  In  the  eyes  of  a  rabbit  causes 
an  Irritation  which  does  not  pass  for  a  long  time. 

According  to  Qrlbosky  and  others,  DET  can  cause  symptoms  of 
encephalopathy.  Thus,  for  example.  In  a  3^  year  old  child  tremor 
appeared  and  the  child  began  to  yell;  after  6-10  minutes  he  returned 
to  normal,  and  then  the  symptoms  were  again  repeated  several  times. 

In  the  blood,  urine,  and  cerebrospinal  fluid  there  were  not  noted 
any  deviations  from  the  normal;  cultures  for  the  detection  of  bacteria 
ar  viruses  gave  negative  results.  Therapy  with  amytal  sodium 
brought  about  the  recovery  of  the  child  within  2  duys.  It  was 
ascertained  that  the  cause  of  the  poisoning  was,  apparently,  the 
VtX  with  which  each  night  for  a  period  of  2  weeks  the  child's  bed 
had  been  treated. 
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Indalone 


Indalone  -  or  2,2-dimethyl-6-carbobutoxy-2,3-dlhydro- 

4-pyrone. 

CH*-C(ClIJs 

0/  ^ 

-  d^oait.aia.aixXiis 

This  preparation  is  a  light-yellow,  thick  oil  with  a  rather 
pleasant  odor.  Its  specific  gravity  is  1.0503;  its  index  of 
refraction  at  20®  is  1.4830.  The  boiling  point  is  170-172®.  It 
is  an  effective  repellent  with  respect  to  blood-sucking  insects. 

It  dissolves  in  organic  solvents  (alcohol,  acetone,  ether,  benzene) 
it  is  not  soluble  in  water.  It  is  harmless  to  warm-blooded  animals 
the  oral  LD^q  for  rats  is  7>4  mi/kg. 

Kiuzol 

Kiuzol  -  l-acetyl-l,2,3,4-tetrahydroqulnollne. 


CH,-C-  0 


Kiuzol  is  a  syrupy  .liquid  with  a  yellowish  color,  readily 
soluble  in  organic  solvents  (acetone,  alcohol,  benzene,  gasoline, 
toluene).  It  is  not  soluble  in  water.  The  preparation  has  a  mild 
odor.  When  it  standi 3  for  a  long  time  in  light  it  turns  yellow 
however,  it  does  not  lose  its  protective  properties.  Its  boiling 
point  is  295®*  The  preparation  dissolves  varnishes  and  certain 
plastics;  it  discolors  certain  paints.  It  was  proposed  In  1958 
by  A.  P.  Terent'yev  and  N.  Q.  Naumov. 


Kluzol  Is  used  as  an  agent  for  the  individual  protection  of 
people  from  the  attacks  and  bites  of  taiga  ticks  (carriers  of  vernal 
encephalitis)  and  blood-sucking  flies  (mosquitoes,  midges,  sandflies 
and  others).  The  preparation  has  been  studied  by  a  number  of  authors 
(A.  V.  Babenko,  K.  N.  Bolotova,  Ye.  Xh.  Zolotarev,  M.  L.  Fedder, 

S.  Q.  Qladklkh)  on  mosquitoes,  sandflies  and  fleas. 

When  the  preparation  Is  applied  to  exposed  sections  of  human 
skin  sometimes  Irritation  is  observed:  one  should  not  smear  the 
preparation  on  skin  having  cuts,  scratches,  scars,  and  other 
lesions.  It  Is  necessary  to  guard  against  kluzol  getting  into  the 
eyes.  The  application  of  the  preparation  should  be  stopped  if  skin 
Irritation  appears.  One  should  not  smear  It  on  the  skin  of  the 
face  Immediately  after  shaving.  It  Is  recommended  for  treating 
clothes,  netting,  etc.,  basically  for  organized  contingents  (workers 
of  lumbering  enterprises  and  others).  Tulle  kerchiefs  treated  with 
kluzol  retain  their  effectiveness  for  two  seasons. 

The  preparation  Is  slightly  toxic  to  warm-blooded  animals. 
According  to  A.  P.  Volkova  and  N.  A.  Sazonova,  with  the  administration 
of  kluzol  to  white  mice  perorally  the  absolutely  lethal  dose  is 
1500  mg/kgi  a  dose  of  250  mg/kg  Is  nontoxic.  The  Inhalation  of 
kluzol  vapors  for  30  days  did  not  cause  irritation  of  the  respiratory 
organs  In  rabbits  and  mice.  With  dally  rubbing  of  the  preparation 
Into  the  sheared  skin  of  a  rabbit  for  9  days  at  a  rate  of  0.5  mi/kg 
of  weight  of  the  animal  each  day  there  were  not  observed  any  path¬ 
ological  symptoms  In  the  overall  state  of  the  animal  or  deviations 
from  the  normal  In  the  composition  of  the  blood.  However,  after  7 
days  there  appeared  on  the  skin  hyperemia  and  severe  desquamation 
of  the  epithelium.  Upon  hystologlcal  examination  cf  the  skin  no 
pathological  changes  were  detected.  When  the  preparation  was 
placed  In  the  eyes  it  caused  severe  Inflammation  and  swelling  of 
the  mucous  membrane.  Kluzol  Is  removed  from  the  skin  jy  simple 
washing  with  soap  and  water. 


Repeljln-Alpha 


This  Is  a  mixture  of  two  repellents:  dimethyl  phthalate  and 
N-benzoylplperldlne . 


HtfOI. 


cE^nai;i 


This  oily,  syrupy  liquid  Is  yellowish  In  color  with  a  mild 
specific  odor.  The  main  active  substance  Is  N-benzoylplperldine 
(Ci2Hi^0N)  -  this  Is  a  white  crystalline  substance.  Its  melting 
point  Is  48**.  It  dissolves  readily  5.n  benzene  and  alcohol;  It 
dissolves  poorly  In  water. 

Repelln-alpha  contains  501  N-benzoylplperldlne,  dimethyl 
phthalate  and  2t  ethylcellulose.  In  the  manufacture  of 
repelln-alpha  ethylcellulose  Is  dissolved  In  dimethyl  phthalate 
and  to  this  solution  there  Is  added  alpha-benzoylplperldlne.  For 
treating  exposed  parts  of  the  body  3-6  g  are  used.  When  there  are 
large  numbers  of  mosquitoes  liquid  repelln-alpha  exceeds  dimethyl 
phthalate  In  the  duration  of  Its  protective  action  by  1.6  times 
(V.  V.  Almazova). 


EHD 

EHD  -  2-ethyl-l . 3-hexanedlol .  CH5CH2CH2CH(OH)CH(C2H5)CH2(OH) ; 
among  the  dlols  possessing  strong  repellent  properties  this  preparation 
Is  the  most  effective.  Synonym:  Rutgers  6l2.  With  respect  to 
mosquitoes  this  repellent  Is  one  of  the  best;  It  also  repels  many 
other  Insects,  Including  gnats,  fleas  and  ticks. 

According  to  Its  external  qualities  BHD  Is  glycerlne-llke 
liquid  possessing  a  high  boiling  point  (243*)  and  a  sweetish  odor. 

It  is  mainly  used  In  a  mixture  with  other  preparations. 
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Mixtures  of  Repellents 

The  great  number  and  variety  of  proposed  repellents  Indicates 
that  not  one  of  them  satisfied  our  requirements  completely.  Even 
the  broadly  used  dimethyl  phthalate  possesses  a  number  of  deficiencies 
of  which  the  most  basic  Is  Its  Incomplete  protection  against  all 
species  of  Insects  and  even  against  all  species  of  mosquitoes. 

At  the  present  time  we  do  not  have  an  "Ideal**  repellent,  which  possesses 
a  general-purpose  effect,  l.e.,  which  protects  against  various 
species  of  Insects,  and,  furthermore,  which  provides  with  a  single 
application  prolonged  protection.  Because  of  this  the  most  expedient 
approach  has  appeared  to  be  the  manufacture  of  mixtures;  In  particular. 
In  the  USSR,  the  United  States  and  other  countries  research  Is 
being  conducted  to  find  the  most  effective  mixtures  possessing  a 
broad  range  of  action  (In  their  composition  there  are  Included 
dimethyl  carbate,  dimethyl  phthalate,  hexanedlol  and  others). 

Smith  and  his  colleagues  have  reported  that  mixtures  of  dimethyl 
phthalate  and  ethylhexanedlol  with  dimethyl  carbate,  propyl->N,N- 
dlethylsucclnate  and  p-chloro-N,N-diethylben2amlde  were  effective 
at  repellents  against  several  species  of  Aedes  mosquitoes.  However, 

It  was  noted  that  some  of  these  more  active  mixtures  (with  respect 
to  Aedes)  were  Ineffective  against  Anopheles  quadilmaculatus. 

According  to  Altman  and  Smith,  the  effective  mixtures  weie 
preparations  containing  dimethyl  phthalate,  301  ethylhexanedlol 
and  30X  N,N-dlethyl-m-toluamlde,  o-ethcxy-N,N-dlethylbenzamlde  or 
propyl-N,N-dlethyl  succinate;  the  best  mixture  was  the  one  that 
contained  30J(  undeeylenlc  acid,  30{  N-butyl-4-cyclohexane-l,2- 
dloarboxlmlde,  30S  N-butylacetanlllde  and  lOX  emulsifier  (Tween 
80). 


The  following  mixtures  have  become  the  most  widely  known: 

1.  Dimethyl  phthalate  60%,  Indalone  20%,  2-ethyl-i,3-hexanedlol  20](; 
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2.  Mlxture-M-2020  -  dimethyl  phthalate  2-ethyl-l,3-hexanedlol 
301  and  dlmethylcarbate  30f  (It  la  used  In  the  Unites  States  for 
cutaneous  application  In  the  army): 

3<  Benzyl-benzoate  k5%t  dl-n-butylphthalate  k5%$  Tween  60  lOjl; 

4.  N-n-butylacetanlllde  30S,  2-n-butyl-2-ethyl-l,3-propanedlol 

30* ; 

Mixture  I960  -  benzoyl  benzoate,  butylaoetanlde,  2-butyl-2- 
ethyl-l,3-propanedlol  (used  for  treating  clothes). 

The  first  two  mixtures  are  used  mainly  against  mosquitoes, 
stable  ^Ixes,  gnats,  mites,  and  ticks;  the  third  with  respect  to 
mites  and  ticks,  and  the  fourth  with  respect  to  ticks,  mites,  fleas 
and  mosquitoes.  Bruce  proposed,  moreover,  a  mixture  of  dl-n-buty 
butylsucclnate  (I-98S)  with  thiocyanates  (99-2]()  from  the  group 
of  Isobornyl  thiocyanate,  s-butoxy-  or  8-thlceyanodlethyl  ether. 

Also  proposed  were  mixtures  of  repellents  with  Insecticides.  For 
example,  2;t  by  weight  of  dl-n-butylsucclnate  with  981  chlorinated 
insecticide  or  99. 5!^  dl-n-butylsucclnate,  with  0.5X  chlorinated 
Insecticide.  For  the  manufacture  of  these  mixtures  Insecticides 
ara  taken  from  the  group,  whose  composition  includes  dlchloro- 
dlphenyltrlchloroethane,  dlethyldlphenyldlehloroethane,  and 
methoxychlor. 

The  greater  effectiveness  of  mixtures  as  compared  to  Individual 
preparations  can  be  explained  by  a  number  of  facts:  first,  a  mixture 
contains  preparations  of  equal  activity  with  respect  to  Individual 
species  of  Insects  (some  against  mosquitoes,  others  against  nidges, 
and  still  others  against  ticks);  secondly.  In  mixing  preparations 
the  effectiveness  of  some  of  them  becomes  In  the  mixture  greater 
than  when  used  separately.  On  the  other  hand,  certain  mixtures  are 
unsuitable  because  of  the  chemical  or  physical  Incompatibility  of 
their  Ingredients. 

Widely  employed  Is  the  mixture  DID:  75%  dimethyl  phthalate, 

20t  indalone  and  5%  dimethyl  carbate.  This  Is  a  yellow,  tranrparent, 
oily  liquid  with  a  rather  pleasant  odor.  For  praotloal  application 
In  the  USSR  DID  was  proposed  by  P.  A.  Petrtsheheva,  I.  A.  Tarabukhln, 
V.  M.  Saf'yanova,  I.  Ya.  Nandel'baum  and  B.  A.  Qayko. 
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The  DID  l8  a  very  effective  agent  repelling  blood-sucking  Insects, 
when  they  attack  In  masse.  The  duration  of  the  protective  effect 
exceeds  the  activity  of  dimethyl  phthalate  employed  under  analogous 
concJtlons  at  the  same  dosage.  Thus,  In  the  forest  zone  of  the 
oent>*al  belt  of  the  RSFSR  with  a  median  number  of  mosquitoes  (100 
and  more  attacks  on  an  arm  bared  to  the  elbow  In  30  minutes)  the 
duration  of  the  protective  effect  of  DID  Is  not  less  than  8  hours, 
whereas  the  effect  of  dimethyl  phthalate  does  not  exceed  6  hours. 

When  preparation  DID  Is  used  during  considerable  heavy  work  the  period 
of  Its  protective  effect  Is  reduced  as  compared  to  the  effect  of 
this  preparation  under  conditions  of  work  not  Involving  a  great 
amount  of  activity;  however,  even  under  these  conditions  the  duration 
of  the  effect  of  DID  considerably  exceeds  the  effect  of  dlnethyl 
phthalate . 

It  Is  necessary  to  store  this  preparation  In  tightly  closed 
cans  at  room  temperature.  It  Is  inflammable. 

Forms  of  Repellent  Application 

Repellents  are  applied  In  pure  form,  and  also  In  the  form  of 
cellulose  acetate  Jelly,  aerosols,  ointments  and  creams,  lotions, 
solutions,  emulsions  and  pastes. 

Cellulose  acetate  Jelly  with  a  repellent  Is  used  to  treat 
protective  netting;  It  Is  manufactured  In  che  following  way  -  one 
part  by  weight  of  cellulose  acetate  Is  dissolved  In  10  parts  of 
acetone  and  t  p«rts  by  weight  of  benzlmln  are  added. 

Aeroeol  cylinders  containing  repellents.  Aerosols  are  obtained 
by  spraying  repellents  In  the  form  of  solutions  and  emulsions  using 
varlpus  apparatuses  (sprayers),  and  also  using  aerosols  cylinders 
containing  701  propellent  (35S  dlchlorofluoromethane,  and  351 
trlcblorofluorosMthane)  and  301  mixture  of  repellents.  Let  us 
present  several  formulas:  1)  dlethvlsethyltoluamlde  151  Isopropyl 


or  ethyl  (dehydrated)  alcohol  15%t  propellent  70S;  2)  when  using 
ethylhexanedlol  or  benzlmln  20S  Is  eaployed  and  the  amount  of 
alcohol  Is  decreased  to  lOS;  3)  dimethyl  phthalate  12.77S»  hexanedlol 
3«77S,  butyldlmethlodehydrogamma-pyrone-carboxyl  3 >^61  (a  mixture 
of  3  repellents),  isopropyl  alcohol  lOS  and  propellent  70S* 

Insectocldorepellcnts  in  the  form  of  aerosols  can  also  be 
applied  In  veterinary  medicine  for  the  treatment  of  cattle,  horses, 
sheep,  birds  and  domestic  animals.  In  this  case  the  mixture  should 
contain  30S  Insect icidorepellent  and  70S  propellent  by  weight. 

An  example  of  an  insecticidorepellent  is  the  following  preparation: 
"Crag"-repellent  ('».3S),  methoxychlor  (90S)  6S,  velsleol-A-50) 

15. 5S  and  kerosene  distillate  23. 2S,  propellent  <t8S.  The  following 
mixtures  are  also  used:  1)  1.44S  allethrln  (technical),  2S  piperonyl 
butoxide,  3S  methoxychlor  (lOOS),  12S  deodorized  kerosene,  12.36S 
deodorized  basic  oil,  69S  propellent;  2)  0.2S  allethrln,  2S  lethane-384, 
2S  MaK-264,  Z%  technical  methoxychlor,  10. 8S  methylated  aromatic 
kerosene  derivative,  12. 8S  kerosene  distillat: ,  69*2S  propellent; 

3)  0.2S  pyrethrlns,  2S  piperonyl  butoxide,  2%  thanite,  3S  methoxychlor, 
lOS  methylated  aromatic  derivative,  12. 8S  kerosene  distillate,  70S 
propellent.  Source  material  is  available  about  a  number  of  other 
repellents ,  including  2,3,4, 5-bla- ( 2-butylene )>tetrahydrofurfural 
(MQK-11)  and  dlpropyl-lsocinchomerate  (MQK-326),  which  are  effective 
preparations  for  the  treatment  of  cows. 

With  an  expenditure  of  1  g/s  and  a  duration  of  treatment  of 
6-8  seconds  dally  the  treatment  ensures  the  protection  of  an  animal 
of  medium  size  from  stable  fly  bites,  etc.  It  is  sufficient  to 
treat  an  animal  on  each  side  for  Ij  seconds,  moreover,  one  should 
avoid  wetting  of  the  hide  of  the  animal.  When  treating  places 
containing  animals  one  should  not  direct  the  aerosol  stream  toward 
uncovered  milk  or  milk  containers.  In  treating  premises  the 
expenditure  of  preparation  is  determine!  according  to  the  time  of 
spraying  at  a  rate  of  aproximately  3  seconds  for  each  28  m^.  During 
the  treatment  and  for  at  least  15  minutes  after  it  the  doort  and 
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windows  are  kept  closed  to  prevent  the  preparation  from  getting  out 
of  the  premises  before  It  can  settle  on  surfaces.  Such  a  treatment 
also  accomplishes  the  extermination  of  files  and  other  flying 
Insects. 

Ointments  and  creams.  Various  ointments  containing  repellents 
are  broadly  used;  such  an  ointment  Is  one  containing  ^0%  benzlmln. 

Of  8  ointments  tested  by  us  (Jointly  with  M.  I.  Brun)  the  following 
gave  the  best  results:  1)  dimethyl  phthalate  67% »  zinc  stearate 
239^  and  magnesium  stearate  lOJK;  2)  dimethyl  phthalate  20%,  diethylamide 
o-ohlorobenzolc  acid  60%  and  magnesium  stearate  20Jt.  Under  the 
conditions  of  the  experiment  the  effect  of  these  ointments  lasted 
about  6  hours.  Good  repellent  properties  are  possessed  by  creams 
containing  glycerine,  monostearate,  lanolin,  alcohol,  paraffin, 
triethanolamine,  hexanedlol-1,3*  dimethyl  phthalate  and  Indalone. 

In  England  two  cream  formulas  were  proposed:  1)  emulsifying 
wax  5  g«  triethanolamine  9  ml,  olelnlc  acid  27  ml,  dimethyl  phthalate 
100  ml  and  water  100  ml;  2)  ethylcellulose  2.7  g>  cellulose  aceto- 
butyrate  23  g,  propylene-glycol-monostearate  2  g,  dimethyl  phthalate 
55*8  g,  ethylenehexanedlol  18.6  g,  and  Indalone  18.6  g.  Also 
proposed  were  creams  giving  the  skin  a  tan  color. 

Repellents  In  creams  when  applied  to  fabric  are  less  effective 
than  solutions. 

Lotions  are  applied  to  the  skin  of  the  face,  neck,  arms, 
and  legs.  They  are  a  mixture  of  repellents,  glycerine,  alcohol, 
odorant  and  other  substances.  Industry  turns  out  the  lotion 
"Taiga”  with  the  following  composition;  1)  ?.0%  hexamld  [benzlmln], 

5%  glycerine,  60f  alcohol,  1559  water;  2)  ii5%  repellent,  3-5% 
glycerine,  361  alcohol,  l4jl  water,  1.539  odorant.  The  lotion  "Angara" 
contains  4039  benzlmln,  besides,  glycerine,  odorant  and  water. 

Repellent  solutions  are  most  frequently  used  for  treating  of 
clothes,  headgear  and  protective  netting.  As  solvents  there  are 
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utilized  alcohol,  acetone <  freon  and  others.  For  the  preparation  of 
1  i  of  a  401  solution  of  benzlmln  there  are  used  400  m£  of  the  latter, 
400  mi  of  alcohol,  200  rat  of  water  (2:2:1);  In  preparing  a  4oS 
acetone  solution  600  mi  of  the  latter  and  400  mi  of  repellents  are 
employed. 

Emulsions  are  used  for  application  on  the  exposed  parts  of  the 
body  (arms,  legs)  and  for  treating  clothes  with  a  fine  spray.  To 
prepare  an  emulsion  there  are  used  glycerine,  vaseline,  OP-7  or  OP-10. 
Thus,  to  prepare  an  emulsion  of  dimethyl  phthalate  to  85  g  of 
glycerine  or  vaseline  15  g  of  repellent  are  added  and  thoroughly 
mixed.  In  preparing  aqueous  emulsions  with  OP-7  or  OP-10  2  parts 
of  repellent,  4  parts  of  water  and  4  parts  of  emulsifier  are  used. 

The  Application  of  Repellents  Against 
felood-Sucklng  Plies 

Preparations  are  used  for  the  direct  treatment  of  the  exposed 
parts  of  the  body,  for  the  treatment  of  clothes  and  other  software  - 
gauze  hoods,  kerchiefs,  protective  netting,  stockings,  socks,  gloves, 
oversleeves  and  so  forth  or  they  are  used  to  treat  various  surfaces, 
vegetation  and  air  (smoke  from  fires,  candles,  aerosols  and  others). 
The  duration  of  the  protective  effect  of  a  preparation  depends  on 
its  boiling  point,  and  also  on  the  amount  applied  on  the  skin  or 
clothes,  atmospheric  temperature  and  humidity,  the  strength  of  the 
wind  and  the  presence  of  precipitation,  and  also  on  the  type  of  work 
being  performed  by  the  person  (Ye.  I.  Pokrovskaya,  Alexander,  Atman); 
on  marches  or  while  performing  heavy  work  a  man  perspires  profusely, 
as  a  result  of  which  part  of  the  preparation  Is  washed  away,  and 
because  of  this  the  time  of  the  protective  effect  of  the  repellent 
Is  reduced. 

To  lengthen  the  effective  period  of  a  repellent  there  Is  added 
to  the  active  component  a  prolongator,  which  promotes  the  fixation 
of  the  preparation  to  a  given  surface.  In  this  respect  Interest 
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has  been  expressed  In  the  results  of  the  experiments  of  M.  I.  Brun 
on  the  application  of  rosin  as  a  prolongator;  these  experiments 
were  conducted  under  field  conditions  In  the  summer  of  1952  In  the 
delta  of  the  Volga  and  showed  that  rosin  doubles  the  effective 
period  of  dimethyl  phthalate.  Abroad  for  this  purpose  there  were 
added  as  stabilizers  gum  tragaconth  and  gum  arable;  such  a  repellent 
mixture  consisting  of  hydrogenated  naphthol  and  hydrogenated  biphenyl 
conqpounds  provided  10-13  hours  of  protection  against  mosquitoes 
under  tropical  conditions. 

The  development  of  perspiration-resistant  repellents  Is,  in 
our  opinion,  the  most  Important  problem  In  this  field,  since  precisely 
because  of  perspiration  the  repellent  is  washed  off  the  skin  and 
this  stops  Its  action;  th5.s  explains  why  even  the  most  effective 
repellents  are  Ineffective  during  the  hot  period  of  the  day. 

The  exposed  parts  of  the  body  are  covered  with  the  preparations 
before  going  Into  places  teeming  with  mosquitoes  and  gnats.  It 
is  not  recommended  that  the  preparations  ^e  applied  to  the  skin 
before  this.  A  repellent  Is  applied  In  Its  pure  formi  or  In  a 
solution,  emulsion,  paste  or  other  forms. 

A  single  application  to  the  face,  neck,  hands  (up  to  the  elbow) 
requires  1.5-2  g  (15-20  dropa)  of  the  preparation.  It  is  placed 
in  the  palm,  then  evenly  spread  ovar  the  surface  of  the  body; 
when  applying  the  preparation  to  the  face  it  is  necessary  to  be 
careful  of  the  eyes,  because  If  the  preparation  gets  on  the  conjunctiva 
It  causes  burning  and  can  intall  seilous  injury  to  the  mucous 
membrane  of  the  eyes.  It  Is  necessary  to  keep  In  mind  that  when 
applied  to  freshly  shaved  skin  repellents  also  cause  burning. 

Certain  repellents  (dimethyl  phthalate,  dibutyl  phthalate) 
are  good  dissolvers  of  plastic,  tnerefore  all  articles  from  It  should 
be  carefully  protected  from  coming  Into  contact  with  them. 

Cause  or  muslin  kerchiefs,  stockings,  socks,  gloves,  cotton 
coveralls,  puttees  and  gauze  hoods  are  treated  with  solutions. 


emulsions  or  pure  repellents.  The  expenditure  of  pure  preparation 
Is  calculated  on  the  average  at  40  mi/m^  of  clothes  or  32  mt  per 
100  g  of  fabric,  also  Including  gauze.  In  impregnating  canopies, 
netting,  preparations  are  applied  at  a  rate  of  20  mt  of  repellents 
per  m  .  During  the  daytime  It  Is  recommended  that  the  curtains  be 
kept  rolled  up  In  special  bags  In  a  cool  place. 

Outer  clothes  (shirt,  trousers.  Jacket,  skirt  and  others)  are 

treated  by  rubbing  the  preparation  Into  them.  ?or  this  there  la 

taken  enough  liquid  (0. 3-0.4  mt)  at  such  a  rate,  to  slightly 

moisten  the  palms  of  both  hands;  then  the  repellent  Is  rubbed  Into 

the  clothes,  spread  on  an  even  surface,  flraly  pressing  the  palms 

on  the  fabric.  Socks  and  trousers  can  be  treated  without  taking 

them  off,  but  It  Is  better  to  remove  one's  shirt.  To  sufficiently 

ensure  prolonged  and  reliable  protection  to  a  set  of  clothes.  Including 

coveralls  or  trousers  with  a  pullover  tunic,  for  women  a  skirt. 

Jacket,  and  stockings,  and  also  to  male  clothing  300-400  mi 

of  solution  are  evenly  applied.  For  treating  headgear  (with 

2 

dimensions  of  about  0.5  m)  50  mi  of  solution  are  expended.  It 
Is  not  recommended  to  take  a  great  deal  of  preparation  on  the  palm, 
since  In  this  case  spots  can  be  left  on  the  clothing.  In  treating 
clothing  manua]ly  It  Is  necessary  to  remember  that  the  repellent 
Is  more  effectively  applied  to  dry  than  to  moist  fabric,  therefore 
It  Is  desirable  to  treat  dry  clothing. 

t 

Clothing  can  also  be  treated  by  spraying  with  the  pure  or  diluted 
preparation  2-4  times  (the  emulsion,  when  being  applied  must  be 
shaken  all  the  time).  However  as  a  result  of  such  treatment  oil 
spots  can  appear  on  clothes  due  to  the  application  of  large  drops. 

When  using  mechanized  sprayers  giving  too  fine  a  spray,  the  drops 
penetrate  poorly  Into  the  fabric  being  treated  and  do  not  ensure  the 
required  effect.  Furthez*more ,  with  this  method  of  treatment  an 
excess  quantity  of  preparation  Is  expended. 

The  application  or  a  solution  to  clothes  Is  accomplished  by 
treatment  with  any  liquid  atomizer  Cdezinfal'",  avtomaks,  garden 
sprayer,  aerosol  bomb,  barbershop  sprayers,  pushkifllt  and  so  forth). 
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In  the  absence  of  liquid  sprayers  a  solution  can  be  applied  to 
clothing  with  the  help  of  a  brush  for  wshing  of  hands,  a  piece  of 
felt,  etc.,  or  by  soaking. 

Clothing  treated  with  dlethyltoluamlde  have  a  weak  odor  and  can 
be  uAed  for  dally  wear  (outside  premises).  Pavlovskey  nettings, 
kerchiefs,  pieces  of  tulle  or  gauze  are  put  on  the  head  over  a  hat 
cr  service  cap  so  that  they  can  be  lowered  to  the  forehead,  they 
border  the  neck,  but  do  not  touch  the  skin.  When  necessary  netting 
and  tulle  can  be  lowered  to  the  face. 

Impregnated  suits  provide  reliable  protection  from  midges 
and  other  varieties  up  to  2  months,  from  ticks  the  duration  of  the 
protective  action  la  less.  The  effect  of  rain  and  sun  decreases 
the  duration  of  protection. 

Washing  and  Ironing  remove  the  preparation  from  fabric. 

Treated  articles  of  clothing  before  they  arc  used  and  In  the 
Intervals  between  wearing  should  be  kept  folded  and  tightly  packed 
(polyethylene  or  oilcloth  bags,  parchment  paper,  etc.)  that  extends 
the  period  of  repellent  action. 

In  all  cases  fabrics  Impregnated  with  dimethylphthalate  protect 
a  person  longer  than  dimethylphthalate  applied  on  the  skin. 

The  type  of  cotton  fabric  does  not  affect  preservation  of  the 
repellent  properties.  The  storage  of  treated  clothes  (up  to  90 
days)  does  not  affect  Its  effectiveness.  Tulle  kerchiefs  impregnated 
with  repellents  are  not  less  effective  than  netting;  kerchiefs  of 
artificial  silk  and  synthetic  fabrics  (caprone)  weakly  adsorb 
repellents,  and  their  effectiveness  Is  low. 

For  the  purp^*'^  of  economizing  a  repellent  In  places  abounding 
with  blood-sucking  flies  It  Is  recommended  that  clothing  be  worn 
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closed  as  tightly  as  possible,  leaving  exposed  only  the  hands  and 
the  face.  During  a  prolonged  stay  under  conditions  of  massive 
attacks  of  blood-sucking  flies  in  the  ease  of  a  weakened  protective 
action  of  a  repellent,  it  is  necessary  to  apply  it  repeatedly  to 
the  exposed  parts  of  the  body. 

Many  repellents  (dimethyl-,  dlbutylphthalate,  dlethyltoluamlde, 
hexamlde  and  others)  possess  toxic  properties  with  respect  to 
mosquitoes,  gnats,  lice,  ticks  and  other  arthropods.  Ticks  crawling 
on  a  fabric  treated  with  one  of  the  preparations  experience  paralysis 
in  an  hour  followed  by  death. 

In  using  repellents  for  the  protection  of  dwellings  from  the 
infiltration  of  mosquitoes  and  gnats  it  is  better  to  use  not  pure 
dimethylphthalate,  but  a  emulsion  in  0,5%  soap  solution  or  dlmethyl- 
phthalate  with  cellulose  acetate,  which  are  used  to  5.mpregnate 

window  curtains,  other  curtains  and  tent  netting  with  sprayers  at 

2 

a  rate  of  25-35  g/m  of  surface.  The  duration  of  the  preservation 
of  the  repellent  properties  is  approximately  equal  to  8  days. 

Blood  sucking  midges  are  encountered  in  the  USSR  almost  everywhere, 
the  most  infested  zones  are  the  taiga  and  the  deciduous  forest. 

In  the  spring-summer  period  these  Insects  are  very  numerous  during 
the  day  and  at  night.  After  sunset  the  gnats  hide  in  vegetation, 
but  biting  midges  appear.  In  certain  regions  of  Eastern  Siberia 
and  The  Far  East  gnats  are  the  basic  component  of  blood-sucking 
flies  and  they  inflict  huge  damage  on  the  national  economy. 

The  ecology  and  biology  of  gnats  are  still  insufficiently  studied. 
In  connection  with  this  a  sufficiently  developed  system  of  measures 
is  lacking  for  the  destruction  of  these  blood-sucking  flies,  which 
increases  the  value  of  the  Individual  protection  of  people.  Including 
the  application  of  repellents  to  ensure  the  normal  life  and  work  of 
the  people.  Burdensome  sensations  from  the  attack  blood-sucking 
flies  are  caused  not  only  by  bites  (sometimes  hundreds  and  even 
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thousands  of  Insects),  but  also  by  multiple  landings  on  the  skin, 
by  their  crawling  under  clothing.  In  the  eyes,  nose,  mouth  atid  their 
continuous  appearance  br.^■''^  dyes.  Besides  the  local  and  general 
reaction  to  bites,  there  are  sometimes  observed  very  burdensome 
subjective  sensations,  not  connected  directly  with  the  bites.  There¬ 
fore  the  application  only  of  antlblte  measures  (the  cutaneous  applica¬ 
tion  of  repellents)  although  It  protects  from  bites.  It  does  not 
ensure  full  protection,  since  even  the  strongest  repellents  do  not 
prevent  the  landing  of  gnats  on  skin  treated  with  a  preparation, 
their  entry  Into  the  eyes,  etc.  In  this  case  cutaneous  application 
Of  repellents  has  only  an  auxiliary,  secondary  value. 

Consequently,  In  the  presence  of  mass  attacks  of  midges  and 
gnats  prolonged  and  sufficiently  complete  protection  of  people  can 
be  ensured  only  by  treating  the  clothes  or  by  special  protective 
suHs  with  repellents;  with  respect  to  mosquitoes  a  cutaneous 
application  of  repellent  agents  Is  usually  sufficient.  In  Impregnating 
clothes  It  Is  desirable  to  use  khaki  color  or  other  green  shades, 
since  according  to  available  observations  these  colors  least  attract 
midges . 

Inasmuch  as  gnats  do  not  bite  through  clothes,  the  complete 
treatment  of  them  Is  Inexpedient;  to  prevent  Insects  crawling  under 
clothes  It  Is  possible  to  limit  this  by  selective  treatment  of  the 
color,  the  cuff  of  the  sleeves  and  trousers,  socks  and  stockings  with 
40Jt  solutions  of  repellents. 

During  a  study  of  the  repellent  properties  dimethyl  phthalate 
and  other  preparations  at  th^  Astrakhan*  national  forest  reservation 
In  1951-1952  sharp  divergences  were  obtained  In  the  periods  of 
preservation  of  the  protective  effect  of  preparations  applied  to 
the  skin  of  humans  (Table  25). 

As  was  shown,  the  duration  of  the  protective  action  of  repellents 
with  respect  to  blood-sucking  files  depends  on  the  Intensity  of  the 
attack.  Thus,  In  1951  dlmethylphthalate,  when  rubbed  on  the  hands 
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of  a  man,  protected  In  the  open  air  (In  iffeda)  for  240  minutes,  but 
In  1952  only  for  62  minutes;  the  frequency  of  bites  In  the  first  ease 
was  3-^  per  minute  (In  Individual  cases  25*30),  and  In  the  second 
it  amounted  on  the  average  to  34  (In  Individual  eases  76).  The 
species  of  attacking  mosquitoes  In  1951  were:  Anopheles  hyreanus 
65.3!K>  Aedes  vaxans  23. 2S,  A.  captluss  9.1l»  Anopheles  macullpennls 
1.8](  and  Culex  modestus  0.6S.  In  1952  -  Aedes  vexans  981,  Anopheles 
hyreanus  l.^%  and  Culex  0.5/E. 


Table  25.  Duration  of  the  preservation  of  repel¬ 
lent  properties  of  preparations  applied  to  the 
skin  (according  to  M.  I.  Brun). 


Name  of  preparation 

Average-protective 
time  In  minutes 

1951 

1952 

Dlmethylphthalate  . 

246 

65 

2-ethyl-l . 3-hexandlol  . 

227 

98 

Methylterpenylphthalate  .... 

294 

88 

Dlethiylphthalate  . 

49 

6 

Dlbutylphthalate  . 

59 

2 

Nerll-lsopropylphthalate  . . . 

87 

16 

Terplneol  . 

163 

31 

For  the  application  of  repellents  on  the  skin  and  clothes 
aerosol  bombs  were  also  used.  During  the  spraying  of  the  liquid  the 
bombs  are  held  at  a  distance  of  15-45  cm  from  the  surface  being 
treated;  one  should  not  direct  the  aerosol  towairds  the  eyes  and 
towards  the  mouth  cavity  to  avoid  accidents;  one  should  not  forget 
that  aerosol  spoils  acetate  and  other  synthetic  articles,  Including 
plastic  articles  (frames  of  spectacles,  fountain  pens,  varnished 
and  painted  surfaces,  buttons  and  others).  The  duration  of  treatmemt 
from  aerosol  bombs  depends  on  the  dimensions  of  the  object.  For 
example,  for  treating  stockings  and  socks  10-12  seconds  are  sufficient. 

With  respect  to  mosquitoes  (Ph.  sergentl,  Ph.  papatasll,  Ph. 
caucasicus)  repellent  properties  are  possessed  by  benzamldes,  which. 
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aeeordlng  to  N.  I.  Brun,  protect  the  ekln  of  men  from  bites  for 
1  hour  45  mlnutes-5  hours.  For  the  same  purposes  different  mixtures 
were  proposed,  In  the  composition  of  which  were  glycerine,  mono* 
■tearate,  lanolin,  alcohol,  paraffin,  triethanolamine,  dlmethyl- 
phthalate,  Indalone,  and  others  In  different  proportions. 

t 

It  is  necessary  to  dwell  specially  on  nettings  protecting 
people  from  bites  of  flying  blood-sucking  Insects  outside  habitable 
premises.  They  were  proposed  In  1938  by  Ye.  N.  Pavlovskiy,  G.  Ye. 
Pt^vomayskly  and  K.  P.  Chagln;  It  was  agreed  to  call  them  Pavlovskiy 
nettings.  The  nettings  are  prepared  from  fishing  nets  (dragnets 
with  dimensions  of  the  mesh  1-1.5  cm  In  diameter);  for  impregnation 
with  repellent  preparations  they  are  soaked  In  the  repellent  for 
2-3  hours,  then  they  are  taken  out,  wrung  out  and  dried  for  1-2 
hours.  The  expenditure  of  repellent  for  treating  one  netting  on 
the  average  was  equal  to  300-350  g.  Such  nettings  possess  repellent 
properties,  according  to  some  data,  for  6-10  days,  according  to 
other  -  20  days. 

For  the  purpose  of  securing  the  repellent  to  the  netting  cellulose 
acetate  Jellies  were  used,  the  preparation  of  which  was  described 
above.  Nettings  treated  In  such  a  manner  preserve  their  repellent 
properties  for  about  a  month. 

In  the  case  of  the  absence  of  synthetic  repellents  It  Is  possible 
to  use  other  preparations.  Including  various  mixtures,  containing 
lysol,  naphthalysol  and  others. 

Nettings  Intended  for  the  protection  of  the  head  (face,  head, 
and  neck)  are  suide  with  dimensions  of  50*75  cm;  the  border  Is  trimmed 
with  cotton  fabric,  on  two  opposite  angles  of  one  of  the  longer 
•idea  there  were  sewed  bands  at  30-40  om,  and  on  the  opposite  side 
of  the  netting  at  its  angles  (below)  they  are  fastened  by  one  safety 
pin.  The  netting  is  thrown  over  the  headgear  in  such  a  manner  that 
the  fr)nt  edge  (by  length’  ^  *  down  to  the  forehead  to  the  superciliary 


arcB,  the  lateral  edges  of  whe  netting  (by  width)  -  to  l^hc  shoulders 
and  the  read  edge  closed  the  neck;  on  the  back  the  netting  was 
fastened  to  the  clothes  by  safety  pins.  In  the  front  the  netting 
was  secured  to  tho  headgear  by  the  ends  of  straps  or  the  ends  of  the 
latter  were  tied  under  the  chin  In  such  a  way  that  the  greater  part 
of  the  face  remained  exposed.  During  a  mass  attack  of  blood-sueklng 
files  to  protect  the  face  the  front  edge  of  the  netting  was  lowered 
to  the  chin,  and  the  ends  of  the  bands  were  tied  around  the  neck. 

Freshly-Impregnated  nettings  were  not  worn  more  than  2  hours 
in  a  twenty-four  hour  period,  otherwise  the  perecns  continuously 
using  them,  could  note  Irritation  of  the  skin  and  headache.  Thanks 
to  the  use  of  the  netting  the  number  of  Insect  bites  was  decreased 
by  85-lOOf.  With  continuous  wearing  the  netting  Is  a  protective 
means  for  600  hours,  with  pt clodlc  use  —  up  to  300  days. 

For  the  purpose  of  lengthening  of  the  period  of  the  protective 
action  of  the  netting  It  Is  kept  In  a  special  case  of  oilcloth  or 
leatherette  fabric.  To  the  case  there  Is  fastened  a  band  allowing 
It  to  be  worn  on  the  shoulder.  Before  packing  the  netting  It  Is 
tightly  folded  3  times  on  the  narrow  and  4  times  on  the  wide  side, 
and  then  It  Is  tied  with  the  free  end  of  the  band.  With  the  weakening 
of  the  repellent  properties  of  the  netting  It  Is  repeatedly  treated. 

The  netting  can  be  replaced  by  a  two-layered  gause  hood; 
between  the  layers  of  the  hood  along  the  edges  It  Is  better  to 
place  a  band  of  hygroscopic  cotton  wi'’h  a  width  of  3-4  cm.  After 
Impregnation  such  a  hood  Is  worn,  as  the  netting,  over  the  head- 
gear. 

For  protection  of  the  hands  oversleeves  of  netting  are  used 
with  dimensions  of  35*25  cm;  the  oversleeves  are  sewed  In  the  form 
of  a  cylinder  with  a  diameter  of  12-18  cm  and  a  length  of  25  cm; 
the  edges  are  trimmed  with  a  band  or  cotton  fabric  and  through 
one  of  the  seams  a  string  Is  passed.  The  oversleeves  Impregnated 


with  reptllent  prtparatloris  are  fastened  to  the  cuff  of  the  shirt, 
blouse,  etc..  In  such  a  way,  that  Its  free  end  reached  to  half  the 
length  of  the  fingers. 

^oteotlve  nettings  can  also  be  used  for  the  collective  protection 
of  jpi^le,  for  example  In  tents.  Po**  this,  strips  of  drag-netting 
wilEh  a  width  of  50  cm  and  a  length  of  16-17  m  are  Impregnated  with 
ri^llent  preparations.  The  entrance  and  the  whole  bottom  of  the 
tent  taround)  on  the  outside  are  curtalned-off  with  nettings. 
Purthermore,  the  tents  are  sprayed  with  repellent  substances. 


for  the  purpose  of  prophylaxis  of  lelshmanloses  and  mosquito 
fever  It  Is  recommended  that  the  Individual  curtain-net tings  be 
treated  with  repellent.  Such  curtains  are  made  from  drag-netting 
with  dimensions  of  the  mesh  not  more  than  I8*l8  mm.  The  best 
effectiveness  Is  provided  by  treatment  with  diethylamide  at  a 
rate  of  ?0  mt  of  pure  preparation  per  1  m^  of  netting.  The  Impregnated 
nettings  are  stored  In  cellophane  or  oilcloth  cases  (as  far  as 
possible  In  a  cool  place).  Repeated  Impregnation  Is  conducted  after 
15  days  (V.  N.  Ssf'yanova). 


Application  of  Repellents  Against  Ticks 

The  use  of  acarlclde-repellents  Is  most  Important  In  foci  of 
tlok  spring-summer  encephalitis,  where  all  measures  of  Individual 
protections  are  directed  towards  preventing  the  crawling  of  ticks 
under  the  clothing. 

The  results  of  tests  of  63  organic  compounds  (V.  I.  Vashkov, 

N.  Z.  Brun,  L.  I.  Brlkman)  showed  that  the  greatest  repellent 
properties  with  respect  to  OerMcertor  isarglnatus  are  possessed 
by  dlethylphthalate,  ethylpropylphthalate,  dllsopropylphthalate, 
methyllsobutylphthalate,  methylbutylphthalate,  dlethylbensamlde, 
terplneol  and  2-ethyl-l,3-hexandloli  dlbutylphthalate  In  effectiveness 
la  inferior  to  the  enumerated  preparations  by  almost  2  times. 


Among  the  72  preparations  studied  on  the  nymphs  of  ^Icks 
Ixodes  persuleatus,  the  best  results  were  showed  by  16  substances « 
which  preserved  for  more  than  15  days  a  coefficient  of  repellent 
action  close  to  50  (V.  I.  Vashkov,  V.  I.  Zakolodklna) .  On  the  day 
of  the  application  of  the  preparation  to  paper  this  Index  was  equal 
to  100.  These  compounds  were  as  follows  -  dlethylphthalate,  methyllso- 
propylphthalate,  methyllsopropylphthalate,  ethylally Iphthalate , 
propy lally Iphthalate  ^  Isopropy lally Iphthalat e ,  buty lallylphthalate » 
methylterpenylphthalate,  cyclohexylallylphthalate»  allyterpenyl- 
phthalate,  phenylallylphthalate,  Isoamylallylphtnalate,  benzoyl- 
benzoate,  a  mixture  of  dlmethy Iphthalate  with  dleth,vlamlde-o- 
chlorobenzolc  acid. 

With  respect  to  mature  ticks  I.  persulcatus  of  64  studied 
preparations  the  most  effective  turned  out  to  be  6-dlethy]phthalate, 
methylterpenylphthalate ,  allylterpeny Iphthalate ,  butylacetylanlllde , 
dlethylamlde-o-chlorobenzolc  acid,  a  mixture  of  dlmethy Iphthalate 
with  dlethylamlde-o-chlorobenzolc  acid  (1:1). 

The  given  data  attest  to  the  fact  that  the  same  preparations 
do  not  possess  uniform  repellent  properties  with  respect  to  different 
species  of  ticks  Dermachentor  marglnatus,  Ixodes  persulcatus. 

Shmidt  and  others  In  studying  44  compounds  In  the  form  of  acetone 
solutions  and  21  In  the  form  cf  emulsions,  which  they  applied  on 
clothing  at  a  rate  of  2  g  per  1000  cm  with  the  use  of  1.5'3.6 
g  of  the  mixtures  on  the  same  area.  The  best  results  were  provided 
by  the  following  repellents:  n-butylacetanllide,  n-propylacetanlllde, 
alpha-butoxyn-n-cyclohexylacetamlde,  cyclopentylsucclnate,  n-lsopro- 
pylacetanlllde  and  methylpropyl  ether  of  bleyolo-(2,2,l)  heptene- 
c,3-dlcarboxyllc  acid.  Somewhat  less  effective  were  undeoylenict 
acid  Indalone,  n-butyl-4-oyclohexane-l,2-dlearboxymlde,  dlmethylearbate 
hexyl-mandelate  and  butyladlpate. 

The  most  effective  "universal”  mlxtui^s  were  those,  which 
contained  n-butylaoetanlllde. 


The  treatment  of  clothes  with  aerosols  showed  that  not  all 
repellents  can  be  used  in  this  way.  During  treatment  with  aerosols 
of  cthyl-beta-phenylhydracrylate ,  2-butyl-2-ethyl-l , 3-propanedlol 
or  dlmethylcarbate  the  results  were  just  as  effective,  as  with  the 
application  of  emulsions  or  solutions  for  the  Impregnation  of  clothes; 
aerosol  treatment  with  Indalone  was  Ineffective.  This  can  be 
explained  by  the  fact  that  the  quantities  of  preparation  applied 
during  aerosol  treatment  were  too  small  as  compared  to  those, 
which  are  required  for  giving  repellent  properties  to  clothes 
utilized  against  ticks.  Therefore,  the  application  of  repellents 
In  aerosol  treatment  were  too  small  as  compared  to  those,  which 
are  required  for  giving  repellent  properties  to  clothes  utilized 
against  ticks.  Therefore  the  application  of  repellents  in  aerosol 
bombs  against  I.  persulcatus  was  Ineffective  and  hardly  expedient. 

For  the  purpose  of  protecting  from  ticks  in  foci  tick-borne 
encephalitis  at  the  present  time  there  Is  recommended  a  50%  solution 
of  dlethyltoluamlde  (DET)  In  an  organic  solvent.  Repellents  are 
usually  more  effective  with  respect  to  nymphs  than  the  Imagoes 
of  ticks,  and  somewhat  more  active  with  respect  to  males  than 
females . 

The  impregnation  of  wool  with  an  emulsion  of  butyladlapate, 

according  to  Grannet  and  French,  protected  dogs  by  90-lOC^  against 

American  ticks,  during  the  course  of  several  weeks  with  the  appll- 

2 

cation  of  2  g  of  preparation  per  1000  cm  of  wool  surface.  Dlbutyla- 
dlpate  or  dl-n-butyl-adlpate  [CjjHj00CCijH^00C(CH2)^jC00C^H^]  repels 
Ixodes  ticks,  fleas,  and  also  mosquitoes.  Almost  analogous  results 
were  obtained  with  hexylmandelate.  These  substances  withstand  two 
washings  of  the  clothing.  The  preparations  can  also  be  applied  In 
aerosol  form,  which  has  the  advantage  of  making  It  possible  to 
apply  the  repellent  easily  and  rapidly.  It  Is  necessary  to  note 
that  dlbutyladlpate  Is  better  than  hexylmandelate  because  It  does 
not  Irritate  the  skin  and  It  does  not  have  an  odor.  At  the 
applied  dosage  this  preparation  Is  harmless  to  man. 
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0 


486 


For  the  purpose  of  strengthening  the  protective  properties  of 
clothing,  special  belts,  oversleeves  and  so  forth,  they  are  Impregnated 
not  only  with  repellent  preparations,  but  also  with  acarlcldes. 
According  to  I.  N.  Skorln  and  others,  the  wearing  of  clothing  correctly 
fitted  and  ^.aspregnated  with  a  6%  emulsion  of  soap-K  completely 
protects  the  body  of  a  man  from  the  penetration  of  ticks  for  8-10  days. 
When  wearing  underclothes.  Impregnated  with  this  prepar..  Ion  (3!t), 
the  number  of  ticks  getting  to  the  body  of  a  man  Is  decret^oed  by 
3-8  times,  and  the  number  of  which  adhere  to  the  body  by  4  times. 

Special  belts  Impregnated  with  lOjK  soap-carbolic  emulsion 
preserve  their  repellent  properties  for  5  days.  The  application  of 
Pavlovskiy  nettings  Impregnated  with  5-10 solutions  of  carbollneum 
or  lysol-tar  mixture,  a  ..5-201  tetrachlorophenol  (one  part)  with 
trlchloroxydephenol  (one  part)  and  Petrov  contact  (3  parts)  lowers 
the  number  of  ticks  penetrating  to  the  body,  by  16-23,  7-10,  14-23, 
and  25-30  times  respectively. 

For  the  purpose  of  protecting  man  from  ticks  coveralls  or  work 
clothes  are  Impregnated  200-300  g  of  preparation;  the  upper  part  of 
the  trousers  should  be  Impregnated  with  special  care  -•  a  barrier 
with  a  width  of  20-30  cm,  and  the  upper  part  of  the  shirt  —  a 
barrier  with  a  width  of  10-30  cm  near  the  collar,  the  cuffs  of  the 
sleeves;  It  Is  also  necessary  to  thoroughly  treat  the  fly  of  trousers  . 
and  other  places  of  possible  penetration  by  ticks.  Such  clothes 
without  washing  preserve  their  protective  properties  for  1-3  months. 

For  treating  the  bottom  of  trousers  and  Jacket  50  g  Is  required 
on  the  average,  and  for  treating  a  pair  of  cotton  stockings  60 
g  of  preparation. 

According  to  L.  I.  Brlkman  and  N.  N.  Gorchakovskaya,  with  solid 

treatment  of  clothes  by  dlbutylphthalate  the  number  of  ticks  on 

one  person  per  hour  was  reduced  by  3  times  with  a  normal  expenditure 

1  mg  of  substance  per  1  cm  and  by  4  times  with  an  expenditure  of 
2 

1.8  mg/cm  or  25-40  g  per  set.  Analogous  data  were  obtained  In 
treating  clothes  with  dimethylphthalate. 


The  application  of  barrier  treatment  of  clothes  with  the  use 

of  dibutylphthalate  in  the  form  of  barrier  strips  on  trousers  in 

the  knee  region  with  a  width  of  40  cm,  on  the  collar  and  cuffs  of 

shirt  of  15  cm  lowers  the  average  number  of  ticks  from  13 >5  to  11.2 

with  a  normal  expenditure  of  1  mg  and  up  to  4.7  times  with  an 

expenditure  of  1.8  mg/cm  .  Treating  trousers  with  dimethyl-  and 

dibutylphthalate  to  a  level  of  73-80  cm  provided  the  best  results: 

the  number  of  ticks  in  both  cases  was  reduced  by  almost  10  times. 

This  is  explained,  apparently,  by  the  Increased  rate  of  expenditure 

2 

of  preparation  (11  mg/cm  of  surface  or  100  g  per  set).  The  treatment 
of  puttees  also  gave  good  results  (the  decrease  in  the  number  of  ticks 
on  one  man  per  hour  was  almost  10  times),  which,  obviously,  is 
explained  by  the  same  cause  -  the  greater  rate  of  expenditure 
of  preparation  -  34  mg/cm  or  60  g  per  pair  of  puttees. 

The  given  data  attests  to  the  dependence  of  the  degree  of 
effectiveness  on  the  quantity  preparation  applied  to  the  surface  of 
the  treated  fabric.  Thus,  during  marches  and  at  work  not  connected 
wltl.  prolonged  rest  in  the  wood,  for  the  purpose  of  protecting 
from  attack  by  1.  persulcatus  only  the  trousers  are  subjected  to 
treatment  (11  mg/cm  or  100-115  g  per  pair  of  trousers);  in  treating 
a  whole  suit  the  expenditure  of  preparation  Is  250  g. 

S.  Q.  Gladkikh  showed  that  dibutylphthalate,  dlethylphthalate, 
dlmethylphthalate ,  acetylhydroxynolln,  formylhydro.'^ynolln, 
dlethyltoluamlde  possess  repellent  properties  to  ticks  and  can  be 
used  with  success  for  the  purpose  of  prophylaxis  of  spring-summer 
tick  encephalitis. 

According  to  Oertler  and  others  the  most  effective  with  respect 
to  ticks  are  dibutylloluamide,  the  paraisomer  of  which  preserves 
Its  activity  for  70  days.  Of  the  large  number  of  repellents  only 
diisopropyltoluamlde  withstands  washing  with  soap  and  water;  N,N-dilso- 
propyl-p-toluamlde  withstands  7  washings  without  the  loss  of  Its 
ao^vlty. 
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Application  cf  Repellents  Against  Plaag 

In  a  study  of  the  repellent  properties  of  certain  preparations 
with  respect  to  fleas  N.  L.  Redder,  N.  I.  Brun,  Yu.  F.  Shuiuyeva, 
and  others  showed  that  good  results  are  provided  by  the  following 
compounds:  dlethylamlde-o-ehlorobensolc  acid,  hexylacetanlllde , 
Isoamylacetanlllde,  butylacet anilide,  dlbutylbenzanlde,  dlethylbenza- 
mlde,  monobutylate-a-ethyl'ljB-hexanedlol  and  dlmethylphthalate; 
Dlbutyladlphate  or  dl-n-butyl~adlpate  also  repels  fleas;  It  Is  more 
effective  than  the  repellents  named.  In  field  tests  on  suslik 
fleas  Setosa  formyltetrahydroxynolln,  acetyltetrahydroxynolln, 
dlmethylphthalate  and  terpenlol  showed  rather  strong  repellent 
properties. 

Comparative  experiments  (N.  L.  Redder,  N.  V.  Novokreshchenova ) 
carried  out  with  6  forms  of  fleas  showed  the  presence  of  specific 
differences  In  sensitivity  to  the  repellents;  the  most  susceptible 
were  the  fleas  C.  fasclatus,  the  least  sensitive  were  P.  Irrltans. 
According  to  M.  L.  Redder,  acetyltetrahydroxynolln  possess  considerable 
repellent  properties  with  respect  to  both  fleas,  and  mosquitoes; 
especially  effective  were  acetylhydroxynolln  and  formyltetrahydroxy- 
nolln.  With  cutaneous  application  these  compounds  provided  protection 
for  2-8  hours  from  the  bites  of  human  and  suslik  fleas. 


With  the  storage  of  clothes  treated  with  repellents  In  tightly 
sealed  oilcloth  bags  the  repellent  properties  of  such  fabrics 
are  preserved  for  more  than  6  months  (?.  T.  Oslpyan). 


Repellents  are  finding  a  place  for  themselves  among  the  new 
agents  for  combatting  cockroaches.  In  the  United  States  they  are 
used  to  Impregnate  boxes  with  food  products,  boxes  for  transport 
of  beer  and  so  forth. 
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Rapellents  applied  against  blood-sucking  files  are  Ineffective 
when  used  against  cocKroaches.  According  to  M.  L,  Redder ,  among 
5  repellents  tested  by  her  (dlethyltoluamide,  acetylhydroxynolln, 
fomyltetrahydroxynolln,  Indalon  and  dlmethylphthalate)  not  one 
provided  complete  protection  even  under  the  most  favorable  conditions; 
the  best  results  were  obtained  with  dlethyltoluamlde  (Table  26). 


Table  26.  The  repellent  action  of  preparations 


on  common  cockroaches  (accord 

Ing  to  M.  L.  Redder). 

Cockroaches  feeding 

Preparation 

on  the  preparation. 

{ 

Dlethyltoluamlde  . 

16 

Acetylhydroxynolln  (kluzol) 

64 

Indalon . . . i 

1 

57 

Dlemthylphthalate  . 

69 

Control  . 

75 

Below  Is  given  a  list  of  certain  repellents  applied  to  repel 
cockroaches  (Table  27). 


Table  27.  Firm  name  of  certain  repellents  applied  in  the 
United  States  to  repel  cockroaches. _ 

Firm  name  Chemical  composition 


Tabutrex  Dl-n-butylsuccinate 


Pll 


2,3,^, 5 .bis- (n-butylene )-tetrahydrofurfural 


No.  55 
MQK  264 

874 

949 


Tert-butyl-sulfenyl-dlmethyldlthlocarbamate 

N-octyl-blcycloheptenl 

2-hydroxyethyl-n-octyl8ulfide 

2-hydroxypropyl-n-octylsulflde 


O 


490 


In  foreign  literature  there  are  available  data  about  the  appli¬ 
cation  of  special  repellents  against  cockroaches,  in  particular 
dlbutylsucclnate  (Tabutrex),  proposed  by  an  experimental-research 
laboratory  In  Chicago  (the  United  States).  7his  Is  a  colorless 
liquid,  almost  nontoxic  for  animals  (LD^q  for  rats  8000  mg/kg) 

Is  applied  In  Its  pure  form,  as  an  oil  solution  or  In  emulsion  form. 
The  preparation  does  not  cause  skin  Irritation,  lesions  to  internal 
organs  or  loss  of  weight  after  90  days  of  feeding  it  to  animals. 
Dlbutylsucclnate  Is  nontoxic  to  Insects;  it  simply  makes  surfaces 
treated  with  It  unattractive  to  them,  and  they  move  to  other  places. 

It  Is  used  by  Itself  or  In  mixture  with  pyrethrlns. 

Bruce  proposed  a  mixture  consisting  of  2%  dl-n-butylsucclnate 
and  98?I!  (by  weight)  organophosphorus  Insecticide  (malthlon),  which, 
according  to  his  data,  possesses  good  repellent  properties  with 
respect  to  cockroaches. 

For  combatting  cockroaches  resistant  to  insecticides  In  breweries 
In  the  United  States  they  use  the  Indicated  mixture  to  treat  packing 
boxes;  the  insects  do  not  go  near  them. 

The  following  preparation  finds  application  -  repellent-11 
C2,3,^,5-bi8-(N-butenylene)-tetrahydrofurfurole],  which  Is  a  high- 
bolllng  liquid  with  a  weak,  pleasant  odor,  dissolving  In  organic 
solvents;  from  It  they  prepare  concentrates  and  emulsion.  A  typical 
recipe  Is:  10](  repellent-11,  2%  repellent  MQK-26A,  2%  emulsifier, 

16%  purified  kerosene  and  70%  water  (repellent  NGK-264  strengthens 
the  action  of  repellent-11,  l.e..  It  Is  its  synergist). 

A  synergist  for  pyrethrlns  and  allethrln  Is  repellent  NOK-26<l. 

It  is  used  to  prepare  preparations  and  to  destroy  dwelling  parasites, 
cattle  parasites  and  pests  of  stored  goods. 

Versatile  repellents  effective  with  respect  to  a  number  of 
Insects  are  2-hydroxyethyl-n-octyl8ulflde  (repellent-874)  and 
2-hydroxypropyl-n-octyl8ulflde  (repellent-949) . 
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Repellent-874  is  an  organic  compound,  a  slightly  amber  colored 
liquid  with  an  Insignificant  odor  reminiscent  of  rercaptan;  It  Is 
readily  miscible  with  purified  kerosene  and  the  majority  of  organic 
solvents;  It  dissolves  poorly  In  water;  Its  density  Is  0.925-0.935 
g/mt  at  20®,  Its  Index  of  refraction  Is  1.470-1.^78;  Its  viscosity 
Is  50.6  at  37.7^;  Its  flash  point  Is  higher  than  75®;  Its  solidification 
point  is  about  5®;  Its  boiling  point  Is  98®  at  0.1  mm  Hg.  Its 

for  white  rats  Is  8.53  g/kg. 

F4epellent-9'(9  Is  also  a  highly  effective  preparation;  It,  like 
the  preceding  repellent,  preserves  Its  repellent  properties  with 
respect  to  cockroaches  for  14  days. 

These  two  preparations  In  effectiveness  exceed  repellent-11 
by  approximately  2  times.  They  repel  ticks  and  stable  flies. 

An  effective  repellent  against  cockroaches  Is  also  tert-butyl- 
sulfenll-dlmethyldlthlocarbamate  (repellent-55).  According  to  the 
laboratory  data  of  Burden  and  Estok,  cardboard  treated  with  this 
preparation  repelled  common  cockroaches  for  90  days;  Its  effectiveness 
Is  higher  than  the  activity  of  repellents-11  and  repellent-874. 

Among  Its  negative  properties  are  Its  higher  toxicity  to  warm-blooded 
animals  and  odor  stronger  than  repellents  11  and  874. 

Repellent-55  repels  not  only  Insects,  but  also  rodents;  In 
laboratory  experiments  It  was  shown  that  for  rats  this  Is  a  strong 
repellent  and  rabbits  would  sooner  die  from  hunger  than  eat  feed 
containing  O.IJ^  of  this  preparation.  Because  of  these  qualities 
It  Is  used  to  treat  bags.  In  which  grain  Is  packed. 

As  a  result  of  the  comparative  study  of  these  repellents  It 
was  established  that  they  can  be  placed  according  to  the  degree  of 
their  effectiveness  In  the  following  order:  repellent-11  - 
repellent-55  -  tabutrex  -  dlethyltoluamlde. 
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Ooodhue  and  Howell  recommend  a  mixture  of  the  following 
composition:  0.0751t  pyrethrlns*  II  repellent-ll*  0.151  plperonyl- 
butoxlde,  0.251  N  (2-6thyl)-hexyl-blcycloheptene-dlcarboxym  and 
0.5251  distillate  of  kerosene. 

Isolan  repels  cockroaches  well;  It  also  possesses  simultaneously 
Insecticidal  properties  (contact  poison).  Its  toxicity  for  warm¬ 
blooded  animals,  however.  Is  great  (Its  LD^q  Is  54  mg/kg)  which 
prevents  Its  broad  application. 


Application  of  Repellents  Against  Plies 

There  exists  a  number  of  compounds  repelling  varies  species 
of  flies.  La  Brecque  and  Wilson  studied  65  substances  for  repellent 
properties  (vapors  and  contact)  with  respect  to  house  flies;  28 
preparations  possessed  to  one  or  another  degree  repellent  properties 
for  2  days  and  more;  di-»i-octylamlne,  n-propyl-p-octylsulf oxide  and 
3-chloro-propyl-n-octylsulfoxlde  turned  out  to  be  effective  for  over 
90  days;  allyl-n-octylsulfoxlde  and  N-amyl-2,3-norcamphene  dlcarboxymlde 
were  active  for  a  period  of  30  days. 

N-(n-pentyl)-succlnamlde,  N-(n-heptyl)-phthallmlde  and  secondary 
pentyl-phthalimlde  preserved  their  effectiveness  for  14  days. 

Below  Is  given  a  list  of  certain  repellents  applied  In  the 
United  States  for  flies. 

Special  Importance  Is  presented  by  the  preparations  repelling 
blood-sucking  flies.  In  particular  stable  flies  (Stomoxys  calcltrans). 
Under  practical  conditions  the  following  repellents  are  used: 
butoxypolypropyleneglycol  (Crag-repellent)  with  methoxyohlor 
(concentrate  of  the  emulsion);  N,N-dlethyl-m-toluamlde  151  In  a 
mixture  with  methoxychlor  II  (aqueous  emulsion);  l,3f4,5-bls- 
( 2-butylene- )-tetrahydro-furfurole  0.4|  (NQK-repellent)  with 
N-octyl-blcycloheptene  0.21  (NaK-264  -  a  synergetic  for  Insecticides 
Increasing  and  prolonging  the  action  of  the  repellents),  plperonylbut- 
oxlde  0.11  and  pyrethrlns  0.0351.  All  these  preparations  are  applied 
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t(0  an  animal  at  a  rate  of  75  ml  dally.  The  results  were  good  -  the 
milk  yield  was  Increased  (Malasse). 


Table  28.  Firm's  name  and  chemical  composition  of  certain  repellents 


applied  In  the  11 

fnlted  States  for  repelling  files. 

Firm's  name 

Chemical  composition 

MQK 

1 , 3 » 4 , 5-bls- ( 2-butylene )-tetrahydrofurfurole 

Tabutrez 

di-n-butylsucclnate 

Crag-repellent 

butoxypolypropyleneglycol 

R-ll 

2,3*4, 5-bls- (N-butylene )-tctrahydrofurfural 

NOK-264 

N-octyl-blcycloheptene 

MaK-326 

dl-n-propylisoether-2 , 5-pyridlnedicarboxyllc  acid 

R-440 

2,3*4, 5-bls- ( 2-butylene )-tetrahydrofurfuryl  alcohol 

a-929 

2-hydroxy Ipropyl-n-octylsulf oxide 

R-1131 

dlbutylsucclnate 

R-1207 

3-chloropropyl-n-ootylsulfoxlde 

In  1957  these  repellents  were  proposed  (dl-n-butylsucclnate 
(Tabutrez)  and  dl-n-propyllso-ether-2,5~pyrldinedlcarboxylic  acid 
(NQK-326).  The  latter  Is  a  hlgh-bolllng,  light-colored  liquid  with 
a  weak  odor;  the  preparation  Is  not  soluble  In  water,  but  dissolves 
well  In  organic  solvents. 

For  the  purpose  of  strengthening  Its  effectiveness  to  it  there 
Is  added  dlethyltoluamlde.  In  connection  with  which  it  Is  possible 
to  apply  It  as  an  agent  of  Individual  protection  from  stinging 
Insects  (flies,  mosquitoes  and  so  forth);  Its  protective  action  Is 
preserved  for  approximately  4-7  hours  (Bruce,  Decker). 

Di-n-propyllsoether-2,5-pyrldlnedlcarboxyllc  acid  Is  an  excellent 
repellent  with  respect  to  house  flies.  It  prevents  the  contamination 


of  lamps,  windows,  mirrors  and  other  analogous  objects;  It  repels 
flies  from  screened  objects  (windows,  doors  and  others). 

Di-p-propylisosynchomeronate  at  5%  concentration  can  be  used 

for  the  treatment  of  storage  places  for  products  and  the  area  around 

them.  Basically  the  preparation  is  used  in  solutions  for  treating 

cattle  in  the  following  combination:  dl-p-propyllsosynchromeronate, 

0.05K  pyrethrlns,  0.125  plperonylbutoxlde,  0.25  synergist  NaK-264 

and  99.235  petroleum  ether.  In  combatting  stable  flies  the  prepare- 

2 

tions  are  applied  at  a  rate  of  0.2  g  per  1  m  of  surface,  in  treating 
premises  for  animals  the  duration  of  action  oscillates  from  1  to  13 
days.  In  treating  animals  themselves  (calves)  the  duration  of  the 
protective  action  of  dl-p-propyllsosynchroneronate  or  dl-n-propyl- 
2,5-pyrldlnecarboxylate  (repellent,  326)  R-326)  and  butylene- 
tetrahydrofurfuryl  (repelient-11)  was  12  and  13  days  respectively. 

In  keeping  In  darkness  various  surfaces  treated  with  repellents 
their  effectiveness  was  preserved  from  11  days  (on  Iron)  to  67  days 
(on  wood  and  plastering).  Approximately  such  effectiveness  is 
possessed  by  2, 3, ^,5-bls-( 2-butylene )-tetrahydrofurfuryl  alcohol 
(repellent-440) . 

0 

The  basic  area  of  application  of  repellents-ll  Is  the  treatment 
of  cattle.  Its  0.25  solutions  in  petroleum  distillate  (98.75) 
are  used  with  pyrethrlns  (0.0255)  and  the  synergist  NOK-264  (15). 

Bruce  and  Decker  consider  Tabutrex  (dl-n-butylsucclnate)  the 
best  repellent  against  stable  flies.  Oily  solutions  or  emulsions 
repel  Insects  for  1-6  days;  flies  lose  the  ability  to  orientate 
themselves.  In  Its  effectiveness  Tabutrex  exceeds  the  activated 
pyrethrlns  (pyrotsln),  which  Is  a  slightly  colored  extract  containing 
205  pyrethrlns.  The  beat  results  are  provided  by  a  mixture  of  one 
part  Tabutrex  with  one  part  Velsicol  LR-50  and  4  parts  olenie 
acid.  The  mixture  diluted  with  water  1:4  Is  applied  on  a  large 
animal  In  the  amount  of  150  mi;  the  duration  of  complete  protection 
Is  80  hours.  With  the  addition  of  aethoxyohlor  the  mixture  protected 
for  56  hours. 
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However,  clenlc  acid  acts  harmfully  on  animals.  Attempts  to 
replace  the  additive  to  Tabutrex  with  thermolablle  Insecticides 
were  suecessft^l,  especially  with  the  use  of  pyrethrlns.  Effective 
also  was  the  introduction  to  Tabutrex  of  such  preparations,  as  lethane 
and  aalathlon. 

The  treatment  of  cows  with  methoxychla  alone  or  In  a  mixture 
with  butoxypolypropyleneglycol  or  Tabutrex  provides  effective 
results  with  respect  to  stable  files i  although  the  second  mixture  Is 
more  active,  the  difference  In  the  action  is  ^^all.  Treating  the 
animals  did  not  affect  the  milk  yeild. 

Preparation  3-chloropropyl-n-octylsulfoxlde  (repellent-1207) 

Is  a  low-melting  solid  almost  without  odor,  soluble  In  oils,  but 
Insoluble  In  water.  Its  censlty  Is  1.96  at  25^ i  Its  index  of 
refraction  Is  l.il746i  Its  melting  point  Is  37-39®.  Its  LD^q  for 
white  rats  when  orally  administered  Is  5*66  g/kg;  when  applied  on 
the  skin  of  a  rabbit  It  Is  8  g/kg;  when  Introduced  In  the  feed  for 
90  days  at  a  dose  of  20,000  parts  of  preparation  per  million  parts 
of  feed  there  were  no  noticeable  toxic  symptoms.  It  repels  house 
flies,  stable  flies  and  ticks  very  well  both  when  applied  on  the 
animals,  and  also  In  the  treatment  of  fabrics;  It  Is  also  a  good 
repellent  with  respect  to  various  Tabanlds;  the  preparation  repels 
certain  species  of  cockroaches  and  weevils.  In  effectiveness  It  Is 
equal  to  repellent-326,  but  Its  action  is  stronger  and  more 
prolonged.  It  Is  considered  that  the  basic  area  of  Its  application 
Is  In  the  treatment  of  animals  for  the  purpose  of  protecting  them 
from  stinging  flies.  Oood  results  are  provided  by  the  following 
recipe:  repellent-1207  0.5)(,  NOK-264  2|,  pyrethrlns  0.25X, 
petroleum  distillate  97-15%>  With  respect  to  house  flies  repellent- 
1207  Is  2  times  more  effective  than  repellent-326,  10  times  more 
active  than  repellent-11  and  In  20  times  stronger  than  repallent-1131 . 
To  provide  complete  results  the  following  concentrations  of  repellents 
are  recommended:  1207-0. 2]t;  326-0. AS;  11-21  and  1131-4{. 
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Th«  rddltion  of  tho  synergist  MGX-264  Inoretses  the  repellent 
properties  of  preparations  1207 «  326  and  11 •  but  does  not  affect 
the  activity  of  dlbutylsuoolnate  (repellent-1131). 

The  new  preparation  2-hydroxy Ipropyl-n-octylsulf oxide  (repellent- 
929)  Is  very  effective  with  respect  to  Tabanld;  It  completely  protects 
cattle  for  almost  24  hours  after  one  treatment  with  a  IX  aqueous 
emulsion  of  the  preparation.  It  repels  stable  flies  and  Drosophllee 
very  well. 

According  to  N.  A.  Zakomyrdln>  polychlorplnene,  polychloro- 
camphene  and  strdban  repel  horseflies  and  mosquitoes;  the  Insecticidal 
action  of  a  3X  emulsion  of  polychlorpinene  Is  preserved  on  the  wool 
of  animals  for  8  days. 

Bruce  proposed  as  an  agent  for  repelling  flies  from  domestic 
animals,  n-butyl  and  n-propyl  dlesters  of  maleic,  fumarlc  and 
succinic  acids.  The  addition  to  them  of  fatty  acids  (especially 
the  unsaturated  ones  -  clelnlc,  llnolelc,  rlclnlnlc)  considerably 
Increases  the  repellency  of  these  compounds.  As  a  repellent  agent 
there  can  be  applied  the  following  mixture:  2X  dl-n-butyl  ester 
of  succinic  acid,  5%  olelnlc  add,  92. 5X  mineral  oil  harmless  for 
animals  0.5%  methoxychlor. 

N.  L.  Pedder  under  laboratory  conditions  studied  the  possibility 
of  using  dlethyltoluamlde,  klusol  and  dlmethylphthalate  for  repelling 
stable  flies.  It  turned  out  that  the  first  two  preparations  in 
undiluted  form  completely,  and  the  last  one  partially  protect  the 
bait  attracting  llles.  In  a  test  of  50  and  20X  solutions  complete 
protection  was  provided  only  by  dlethyltoluamlde.  Dlbutylsueclnate 
also  repels  flies;  flies  gathering  In  huge  quantities  around  doors 
and  penetrating  into  a  building  ceased  to  land  on  the  treated 
surfaces. 

For  combatting  flies,  mosqultoea  and  ticks  an  aerosol  preparation 
of  the  following  composition  Is  also  recommended:  0.5X  repellent-11, 
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0.511  MaK>326,  2%  NGK>264,  2%  dlethyl-m-toluamlde,  lOl  3eltrol-170, 

25$  Isopropanol,  60$  freon-11  and  freon-12  (mixture  1:1).  From 
this  same  recipe  there  Is  prepared  an  ointment,  but  without  freon, 
and  It  Is  diluted  with  Isopropanol  to  the  required  concentration. 

The  presented  data  Indicate  that  the  application  of  repellents 
In  combatting  files  Is  expanding.  There  Is  no  doubt,  that  they  can 
be  recosmiended  for  the  protection  of  animals  under  field  conditions 
from  stinging  flies.  Regarding,  however,  the  use  of  repellents 
In  Inhabited  localities  for  the  purpose  of  protecting  man  and  his 
habitations  from  house  and  other  flies.  In  the  type  of  /ippllcatlon 
there  Is  little  promise  for  them.  In  this  case  the  sanitary 
purification  and  the  application  of  Insecticides  have  Incomparably 
greater  value  than  the  use  of  repellents. 

Application  of  Repellents  Against  Lice 

With  respect  to  body  lice  although  repellents  are  limited, 
nevertheless  they  were  used  before  the  Introduction  of  DDT.  Prom 
the  time  of  the  discovery  of  preparations  possessing  high  insecticidal 
properties  the  expediency  of  the  application  of  repellents  decreased 
even  more.  Nonetheless  a  number  of  authors  are  giving  attention  to 
the  search  for  preparations  repelling  lice. 

Z.  Zolotovskly  showed  that  cotton  fabric  Impregnated  with  20% 
dimethylphthalate  In  96**  ethyl  alcohol  acquires  repellent  properties 
with  respect  to  clothes  lice  (Imago).  It  seems  to  us  that  these 
conclusions  need  confirmation  under  practical  conditions. 

Metcalf  considers  effective  repellents  with  respect  to  body 
lice  N-p-butylacetanlllde,  methoxy acetophenone,  and  theamlde  of 
succinic  acid. 


According  to  M.  L.  Pedder,  a  short-term  effect  of  repellent 
action  with  respect  to  lice  Is  observed  after  treating  the  skin  with 


terpenlol.  Sucr<  repellents,  as  kiuzol  (butylacetanlllde)  indalon, 
dlethyltoluamlde  and  dime thy Iphthalate,  are  very  effective  with 
respect  to  blood-sucking  flies;  they  were  Ineffective  against  body 
lice.  The  author  did  not  confirm  the  data  of  Metcalf  about  the 
effectiveness  of  N-p-butylacetonlllde  and  other  preparations  as 
lice  repelling  compounds. 


Application  of  Repellent  Against  Bugs 


With  respect  to  bed  bugs  repellents  have  not  found  application, 
but  searches  for  them  are  being  conducted.  According  to  M.  L.  Pedder, 
acetyldetrahydroxy-nollns  act  with  respect  to  bugs  longer  than 
dimethylphthalate.  Tests  conducted  In  a  laboratory  In  Orlando 
(the  United  States),  showed  that  ethylhexanedlol  repels  bed  bugs. 

Application  of  Repellents  Against  Ants 

According  to  laboratory  data  (N.  I.  Brun  and  L.  I.  Yevrelnova), 
benzamldes  possess  Insecticidal  properties  and  repel  red  ants 
(Monomorlum  pharaonls).  Considerable  Insecticidal  and  repelling 
properties  are  possessed  by:  dlethylbenzamlde  (ants  die  after  1-2 
hours),  dlpropylbenzamide,  dlbutylbenzcmlde ,  and  dlisoamylbenzamlde 
(the  death  of  ants  occurs  after  48  hours);  the  greatest  repellent 
action  on  ants  is  rendered  by  dlbenzylamlde,  dlbutylbenzamlde  and 
dlisoamylbenzamlde.  They  are  also  repelled  by  dlbutylsucclnate 
(Tabutrex ) . 

Application  of  Repellents  Against  Moths 


As  moth-repelling  preparations  napthalene  and  paradlchlorbenzene 
are  used,  and  also  a  number  of  other  substances;  they  have  found 
broad  appl^icatlon  for  a  long  time  (see  "The  Moth  and  Its  Control”). 
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CHAPTER  XV 

USING  THE  NATURAL  ENEMIES  OP  ARTHROPODS 

Contemporary,  hlghly-toxlc,  synthetic  Insecticides  destroy 
not  only  the  pests  of  agriculture,  but  also  the  entomophages,  as 
a  result  of  which  in  a  number  of  cases  there  are  created  conditions 
promoting  the  mass  reproduction  of  the  pests.  Because  of  this  in 
using  chemical  agents  attempts  are  being  made  to  preserve  the 
entomophages  by  creating  insecticides  of  selective  action  (for 
example,  systox),  by  innovating  the  periods  of  chemical  treatments, 
etc.  Furthermore  the  use  of  the  smallest,  and  most  effective 
doses  of  insecticides  is  recommended. 

Inasmuch  as  biological  method  is  very  specific  in  combating 
pests  of  agricultural  plants,  recently  considerable  attention  has 
begun  to  be  given  to  it.  This,  of  course,  does  not  mean  that  the 
biological  methods  of  control  have  to  replace  the  chemical  methods. 
At  present  this  is  impossible  and  it  is  doubtful,  that  this  will 
become  possible  sometime  in  the  future. 

The  biological  methods  of  controlling  arthropods  are  based 
on  the  use  of  the  natural  enemies  of  insects  -  pathogenic  micro¬ 
organisms,  viruses,  parasitic  and  predatory  insects,  ionizing 
radiation  and  chemical  agents  with  the  main  purpose  of  depriving 
insects  of  the  ability  to  reproduce  descendants.  A  large  role  in 
combating  Insects  is  being  played  by  various  pathogenic  micro¬ 
organisms. 
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The  basic  pathogenic  agents  for  carriers  of  Infectious  diseases 
of  man  are  the  protista.  The  majority  of  the  protlsts  has  a  stable 
stage,  which  is  able  to  withstand  not  only  the  action  on  them  of 
the  digestive  Juices,  but  also  drying  during  the  transmission  from 
host  to  host. 

The  advantage  of  the  microbiological  method  of  controlling 
Insects  is  high,  the  specificity  of  the  majority  of  pathogenic 
micro-organisms,  which  la  Important  for  the  preservation  of  useful 
Insects.  The  application  of  exciters  of  infectious  diseases  of 
Insects  makes  it  possible  to  use  sick  individuals  against  the 
healthy  ones  of  the  same  species. 

Among  Insects  there  are  encountered  various  diseases,  caused 
by  bacteria  (bacterloses) ,  viruses  (vlroses),  fumgi  (mycoses), 
and  also  small  round  worms  from  the  class  nematode. 

Disease  of  insects,  pests  of  agricultural  cultures  frequently 
assume  a  mass  character,  are  epizootic,  which  lead  to  their 
extinction  over  considerable  areas. 

The  idea  of  using  pathogenic  microbes  in  combatting  harmful 
Insects  was  first  expressed  by  the  well-known  Russlam  microbiologist 
I.  I.  Mechnikov.  In  1879  he  discovered  and  described  the  grain 
beetle  disease,  caused  by  microscopic  fungi,  and  made  the  first 
attempt  to  artificially  spread  this  disease  in  combatting  harmful 
insects. 

The  appearance  of  the  idea  of  using  entomophllous  fungi  for 
combatting  certain  species  of  Insects,  pests  of  forests,  citrus 
plants,  corn,  sugar  cane,  etc.,  belongs  to  the  last  century,  when 
it  was  considered  that  entomophllous  fungi  could  be  of  use  in  those 
places,  where  temperature,  humidity  and  other  natural  factors 
promote  their  growth  and  development. 
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Basically  bacteriological  methods  of  controlling  insects  were 
studied  and  are  studied  for  the  purpose  of  destroying  pests  of 
agricultural  plants  (I.  N.  Grishchenko). 

Of  the  large  number  of  micro-organisms  causing  disease  in 
Insects,  only  certain  ones  have  found  application  as  "Insecticides." 
At  present  there  is  being  broadly  studied  the  possibility  of  using 
Bacillus  thurlnglensls  and  Bacillus  cereus  var  for  destroying 
Insects. 

For  combatting  plant  pests  there  has  been  developed  a  tech¬ 
nological  regime  of  obtaining  the  dry  powdery  preparation  - 
entobacterln-3  from  the  strains  Bacillus  sereus  gallerlae  (from 
the  group  Bac.  thurlnglensls).  Extensive  testing  of  this  preparation 
has  demonstrated  Its  excellent  qualities. 

A  significant  contribution  to  the  theory  of  obtaining  of 
biological  preparations  was  the  development  of  morphologic  indices 
of  selecting  virulent  strains  of  spore  bacterial  cultures  by  protein 
crystalline  Inclusions.  The  form  of  the  inclusions  makes  it 
possible  to  control  the  purity  of  the  cultures,  and  their  quantity 
determines  the  virulence  of  the  strains  within  the  limits  of  a 
definite  species  of  bacteria  (G.  N.  Zhigalev,  N.  S.  Pedorinchlk) . 

The  Bac.  thurlnglensls  was  discovered  more  than  50  years  ago 
In  larvae  of  the  Mediterranean  flour  moth. 

Prom  Bac.  thurlnglensls  various  preparations  are  made.  Such 
preparations  are  sometimes  called  living  insecticides. 

Industry  in  the  United  States  is  producing  this  culture  under 
the  name  biotrol. 

In  the  Soviet  Union  It  Is  also  cultivated  by  a  number  of 
establishments  and  is  used  basically  in  agriculture. 


In  their  toxicity  to  Insects  the  stralrii  of  Bac.  thuringiens.is 
differ  from  each  other.  In  combatting  arthropods  not  only  Bac. 
thurlngiensls  Is  used,  but  also  endotoxin  and  exotoxln,  prepared 
from  these  bacteria.  Endotoxin  is  the  preparation  from  spores, 
and  exotoxln  is  the  preparation  from  the  cultural  filtrate,  which 
is  more  effective. 

Bac.  thurlngiensls  belongs  to  the  aerobic  spore-forming  micro¬ 
organisms  i  they  complete  their  development  with  the  appearance  of  a 
a  resistant  stage  of  spores  (one  for  each  bacterium).  These  spores 
withstand  boiling  for  several  hours,  heating  to  150®,  drying, 
freezing  and  do  not  die  from  the  effect  of  many  bactericidal  agents. 
Bac.  thurlngiensls  forms,  furthermore,  simultaneously  with  the 
spore  a  second  "body"  -  rhomboid  or  diamond-shaped;  it  is  called 
a  crystal  or  a  crystalline  inclusion.  For  maximum  formation  for 
entomopathogenic  micro-organisms  of  crystalline  toxins  and  spore 
formation  in  depth  and  surface  cultivation  different  media  are 
used.  Practice  has  shown  that  the  composition  of  the  medium  and 
the  conditions  of  cultivation  of  micro-organisms  play  a  decisive 
role  in  the  accumulation  of  crystalline  toxins.  The  same  culture 
can  be  ineffective  with  respect  to  insects,  if  it  is  grown  under 
conditions  and  on  a  medium,  unfavorable  for  spore  formation  (E. 

G.  Afrikyan,  R.  A.  Bablkyan  and  R.  A.  Bayakhchan,  V.  G.  Tumanyan). 

The  formation  of  crystalline  toxins  is  observed  Dniy  in  the 
process  of  spore  formation.  Vegetative  cells  of  cryscallomorphic 
entomopathogenic  bacteria  do  not  possess  toxicity.  It  is  assumed 
that  precisely  the  crystals  give  the  micro-organisms  its  unique 
property  to  destroy  Insects. 

The  most  susceptible  to  Bac.  thurlngiensls  are  Lepidopterae  — 
moths  and  butterflies,  whose  larvae  in  most  cases  are  leaf-eaters; 
several  minutes  after  consuming  a  sufficient  quantity  of  the 
mixture  of  spores  with  crystals  in  the  larva  there  develops  paralysis 
of  the  intestines.  In  certain  species  after  several  hours 
general  paralysis  occurs  and  the  insect  slowly  dies  from  starvation. 


The  living  spores,  from  which  the  crystals  are  removed,  do 
not  render  any  effect,  whereas  the  extracted  crystals  are  highly 
toxic  to  Insects.  Thus,  the  basic  role  is  played  by  the  crystalline 
chemical  substance,  and  not  by  the  spores  themselves. 

The  Bac.  thurlnglensls  maintains  the  balance  of  nature  and 
does  not  destroy  useful  Insects;  the  bacteria  can  be  obtained  in 
mass  quantities  by  cultivation  for  72  hours  at  30®;  they  yield  a 
stable  and  uniform  mass  of  spores.  The  dried  and  ground  spore 
culture  is  mixed  with  an  inert  filler  up  to  a  concentration  of  from 
30  million  to  3  billion  spores  per  g.  The  preparation  Is  a  powder 
of  light  color.  It  does  not  lose  its  virulence  for  several  years. 
When  used  it  is  diluted  with  water. 

In  combatting  pests  of  agricultural  plants  the  preparation 
is  sprayed  with  the  help  of  diverse  technology,  including  from  a 
helicopter,  and  for  destroying  other  insects  it  is  added  to  food 
for  them  (cockroaches,  ants).  When  used  in  agriculture  in  the 
form  of  suspensions  of  the  culture  the  results  were  worse  than  when 
it  was  applied  in  the  form  of  a  powder.  In  experimental  procedure 
the  preparations  were  successfully  applied  in  combatting  the  flour 
moth  and  cabbage  pests. 

The  preparation  entomobacterin-3  was  widely  tested  under  field 
conditions  in  various  zones  of  the  Soviet  Union  -  in  Central  Asia, 
in  the  Par  East,  in  the  Baltic  states,  in  Moldavia,  in  the  Ukraine, 
the  Caucasus,  in  Byelorussia,  in  the  Voronezh,  Moscow,  Leningrad 
and  other  regions.  It  was  applied  in  combatting  the  white  apple 
tree  butterfly,  the  lackey  moth,  the  fall  web-worm  moth  and  other 
pests;  on  vegetable  cultures  -  against  the  cabbage  and  turnip 
butterfly,  the  diamond-back  moth;  it  was  tested  to  protect  nut- 
fruit  trees  and  forest-park  plantings  from  moths,  Lema  spp,  the  satin 
moth  (V.  P.  Vasll’yev;  V.  F.  Volkov).  All  industrial  experiments 
showed  that  entomobacterln-3  is  a  highly  effective  preparation  in 
combatting  the  enumerated  pests  (A.  Ya.  Leskova). 
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The  effectiveness  of  entcmobacterln-3  when  sprayed  depends 
on  the  species  of  Insects,  their  susceptibility  to  the  bacterial 
preparation.  In  combatting  the  majority  of  susceptible  Insects 
spraying  with  0.5-lJJ  entomobacterln-3  Is  effective.  With  large 
concentrations  the  Insect  dies  In  a  shorter  period  (1-2  days) 
from  primary  symptoms  of  toxicosis.  With  small  dosages  the  dying 
period  of  the  pest  Is  more  prolonged  (7-10  days  and  more).  In 
this  case  the  majority  of  caterpillars  dies  with  evident  symptoms 
of  septicemia.  The  concentration  of  entomobacterln-3  can  be 
decreased  to  0.1J8.  The  death  of  the  Insects  occurs  as  a  result  of 
the  spores  getting  Into  the  Intestines,  as  well  as  from  the  micro- 
flora  of  the  Intestines  due  to  the  disturbance  of  the  normal 
physiological  activity  of  the  organism  as  a  result  of  the  effect 
of  the  toxins. 

A  great  Influence  on  the  effectiveness  of  the  preparation  is 
rendered  by  temperature.  According  to  A.  Ya.  Leskova  (1959),  with 
a  decrease  in  temperature  below  17°  there  occurs  a  gradual  decrease 
In  the  effectiveness  and  a  lengthening  of  the  period  of  destruction 
of  the  pest.  Conversely,  an  increase  In  temperature  from  18® 
and  above  considerably  accelerates  the  death  of  Insects  and  the 
effectiveness  of  entomabaclerln  Is  Increased.  Its  use  u.nder 
conditions  of  cold  weather  with  the  addition  of  an  Insecticide  at 
a  sublethal  concentration  (for  example,  0.005JJ  DDT  by  active 
substance)  Increases  Its  effectiveness. 

One  of  the  advantages  of  the  new  "living"  insecticide  obtained 
on  the  bat  s  of  viable  spores  of  Bac.  thuringlensls.  Is  Its 
nontoxlclty  to  man,  animals  and  plants.  This  was  confirmed  (Fischer, 
Kosher)  on  l8  volunteers,  who  agreed  to  take  this  preparation 

Q 

Internally.  A  material  was  used,  containing  approximately  9*10 

Q 

viable  spores  per  g;  the  volunteers  each  received  3*  10-^  per  g 
during  a  period  of  5  days  (they  took  1  g  of  preparation  per  day). 

Of  the  18  volunteers  5,  In  addition  to  taking  the  preparation 
orally,  inhaled  it  In  the  form  of  a  powder  during  the  period 
of  the  same  5  days,  100  mg  each  day  (a  total  of  500  mg).  The 
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laboratory  investigations  did  not  show  any  deviations  from  normal. 
Furthermore,  the  constant  contact  with  the  preparation  wh51e  it 
was  being  compounded  was  not  reflected  on  the  health  of  the  workers. 

Pood  also  does  not  acquire  toxic  properties  when  these  bacteria 
get  into  it. 


For  the  purpose  of  establishing  whether  the  preparation  does 
not  acquire  virulent  properties  in  the  Infection  of  animals  by 
each  other,  Bact.  thurlnglensls  was  administered  to  mice  by  Intra- 
perltoneal  injection  of  0.1  mg  of  a  2^1-hour  culture  with  its 
subsequent  determination  in  the  blood.  It  turned  out  that  the 
micro-organisms  were  retained  in  the  blood  for  48  hours.  The 
inhaling  of  Bact.  thurlnglensls  sprayed  into  a  chamber  also  did 
not  have  a  harmful  effect  on  animals.  Furthermore,  with  the  intro¬ 
duction  into  the  stomach  of  rats  of  a  33JK  suspension  (up  to  24  g 
of  microbe  mass  in  the  foirm  of  spore  for  each  kg  weight  of  the 
animal)  with  the  help  of  a  probe  the  authors  did  not  observe  any 
symptoms  toxin  poisoning;  hystologlcal  investigations  also  gave 
negative  results.  It  is  Interesting  to  note  that  Bact.  thurlnglensls 
belongs  to  the  same  taxonomic  group  as  B.  anthracis,  however  it 
does  not  possess  the  properties  of  the  latter. 


According  to  A.  A.  Yevakhova,  0.  I.  Shvestova  and  V.  A. 
Shcliepetll'nlkova,  industrial  application  of  domestic  forms  of 
entomophages  was  started  in  our  country,  and  also  there  was 
introduced  into  practice  the  use  of  multipoison  representatives 
of  the  genus  trlchograms  (Trichogramma  evanascens  westw).  Trlchogram 
is  widely  and  successfully  applied  in  combatting  the  turnip  moth 
(Agratlssegetus  schrft),  which  belongs  to  the  Nosturdae  family  - 
order  Lepldoptera.  The  female  (trlchogram)  lays  her  egg  in  the 
eggs  of  a  host-pest.  The  larvae  feed  on  the  contents  of  the 
host  eggs. 


The  possibility  of  using  ants  in  combatting  tree  pests  was 
discovered.  Observations  showed  that  ants  feeding  on  larvae  of 
harmful  Insects  destroy  them  all  over  the  tree,  even  in  the  deepest 
cracks . 
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The  presented  data  about  the  application  of  the  biological 
method  for  the  purpose  of  destroying  pests  of  agricultural  plants 
indicate  that  the  method  was  found  for  Itself  certain  application 
in  combatting  harmful  insects;  this  method  can  also  be  employed 
in  combatting  grain  pests  (Hudon).  However,  it  is  necessary  to 
state  that  at  present  the  use  of  the  biological  method  (also 
including  the  bacteriological  method),  and  also  of  natural  enemies 
for  destroying  arthropods  has  little  promise. 

This  in  part  la  why  the  biological  method  of  combatting  human 
parasites  and  pests  in  his  dwellings  Is  least  developed;  at  the 
same  time  It  Is  impossible  to  categorically  negate  the  possibility 
of  Its  use  not  only  for  the  suppression  of  the  mass  multiplication 
of  arthropods  -  the  carriers  of  causative  agents  of  Infectious 
diseases,  but  also  for  prevention  of  their  development  (flies, 
mosquitoes,  gnats,  gadflies,  fleas,  cockroaches,  lice,  ticks  and 
others) . 

The  number  of  micro-organisms  pathogenic  for  insects  having 
medical  significance  is  great  (Welser).  Enormous  also  Is  the 
number  of  predators,  which  can  be  used  in  combatting  human  parasites 
and  pests  In  his  dwellings  (Table  29,  30). 

Till  now  the  majority  of  bacterial  Infections  in  insects  has 
been  caused  only  under  laboratory  conditions. 

The  fact  Is  that  the  contact  with  pathogenic  bacteria  and 
viruses  by  certain  Insects  Is  very  limited,  thus,  for  example, 
causative  agents  of  diseases  can  only  get  Into  the  organisms  of 
lice  and  ticks  with  the  blood  of  an  animal  or  man.  Such  Insects  as 
flies  can  be  completely  contaminated  without  direct  contact  with 
man  or  animal.  This  Indicates  that  further  study  of  this  method, 
possibly,  will  make  It  possible  to  expand  Its  application  In 
combatting  arthropods  having  medical  significance. 
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A  conference  convoked  by  the  Universal  Organization  of  Public 
Health  to  discuss  the  problem  of  combatting  carriers  of  causative 
agents  of  infectious  diseases  resolved  to  recommend  for  combatting 
the  latter:  a)  mass  reproduction  of  pathogenic  micro-organisms, 
b)  mass  production  and  acclmatlzatlon  of  eggeaters  against  Trlatoma 
bugs,  c,'  the  discovery  and  study  of  midge  parasites,  in  the  first 
place  mermitlds,  and  their  use,  d)  experiments  on  the  chemical 
sterilization  of  carriers,  e)  improving  the  methods  of  breeding 
a  host  and  its  natural  enemies,  f)  the  investigation  of  substances 
attracting  Insects. 

Using  the  natural  enemies  of  flies.  For  destroying  flies  no 
highly  effective  blcioglcal  method  of  control  has  as  yet  been  found. 
In  rural  areas  a  certain  effect  has  been  attained  with  the  use 
of  hens,  which,  raking  rubbish,  carefully  select  larvae  and  pupae. 
Nonetheless  with  the  help  o^  this  method  it  is  impossible  to  obtain 
good  results. 


There  is  a  considerable  number  of  predators,  which  destroy 
flies  (in  the  imaglnal  and  preimaglnal  stage).  Thus,  for  example, 
in  premises  for  animals  there  are  predators  such  as  spiders,  wasps, 
•  trlchogrammatel  egg  parasites  (in  the  broad  sense  of  the  word) 
and  birds.  In  cobwebs  there  are  found  house  flies,  lesser  ho#8e 
flies,  stable-flies,  l.e.,  species,  which  play  the  role  of  trans¬ 
mitters  of  diseases;  Anopheles  and  Aedes  mosquitoes  also  get  into 
cobwebs.  Among  the  55  species  of  trlchogrammatel  egg  parasites 
3  species  parasitize  on  flies,  mainly  on  stable-flies  inhabiting 
premises  for  animals.  Wasps  (German  and  common)  catch  house  flies 
and  lesser  house  flies,  and  also  stable-flies.  Birds  also  play 
a  role.  However  all  these  enemies  of  dipterons  have  little 
significance  from  the  point  of  view  of  decreasing  the  number  of 
flies.  A  study  of  such  predators,  possibly,  will  make  it  possible 
to  discover  individual  species  useful  for  the  application  under 
practical  conditions  for  the  purpose  of  destroying  house  flies. 
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It  has  been  established  that  a  number  of  micro-organisms  are 
highly  pathogenic  to  flies.  Prom  bacteria  9  species  (6  genuses) 
can  be  used.  Among  them  the  most  promising  are  B.  lutzat  and 
staphylococcus  muscal,  but  they  also  need  detailed  study  to  establish 
their  practical  value. 

Knipling,  Slmraonds  give  preference  to  the  bacterial  method 
over  the  method  of  sterilization  with  gamma  rays,  because  to  obtain 
a  75J  reduction  in  the  number  of  an  Insect  population  It  was 
necessary  for  one  contaminated  Insect  In  the  first  case  (Infecting 
of  Insects)  to  produce  55  Individuals,  whereas  with  the  second 
method  (gamma  Irradiation)  to  achieve  the  same  results  it  was 
necessary  to  produce  900  Insects. 

Under  laboratory  conditions  Hall,  Araka  showed  that  the  Imago 
of  the  house  fly  Is  not  susceptible  to  Bact.  thuringlensis  with  the 
Introduction  of  the  dry  culture  Into  the  food  of  the  Insects,  but 
larvae  of  various  strains  die  rapidly  from  doses  of  0.125-0.5  e 
of  concentrated  spore  material  (150  billion  spores  per  g)  per 
each  ^<0  g  of  substrate.  The  number  of  larvae  In  the  substrate 
decreased  by  241;  a  small  number  died  from  septicemia,  but  the 
majority  from  the  toxic  effect  of  the  crystalline  Inclusions 
present  In  the  Infectious  material. 


The  death  of  larvae  of  house  flies  within  the  limits  of 
15-35X  occurs  with  the  presence  In  their  food  of  Bact.  thuringlensis 
In  an  amount  of  400-4000  parts  per  railllcn,  whereas  with  the  use 
of  chemical  Insecticides  there  occurs  their  complete  destruction 
with  the  presence  In  their  food  of  baytex  40  parts  per  million, 
Ronnel  200  parts  per  million,  DDVP  400  parts  per  million  and  delnava 
800  parts  per  million  parts  of  sv’bstrate.  Thus,  It  Is  absolutely 
obvious  that  the  chemical  Insecticides  In  combatting  the  prelmaglnal 
stages  of  flies  are  considerably  more  effective  than  Bact. 
thuringlensis. 
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with  the  oral  Introduction  to  anlmala|^  Bact.  thurlnglensls 
(strain  0-3-30)  the  latter  are  excreted  wltn  the  excrement.  The 
presence  In  the  excrement  of  animals  of  thurlnglensls 

prevented  the  breeding  of  files.  I 

Poultry-breeding  enterprises  abound  with  huge  number  of  flies; 
the  careless  application  of  Insecticides  sometimes  leads  to  the 
destruction  of  birds,  due  to  which  there  Is  Interest  In  finding 
other  means  of  combatting  flies.  One  of  the  methods  of  combatting 
flies,  which  Is  harmless  for  birds,  is  the  use  of  the  microbiological 
method  ( Sreve ) . 

Brlgges  Introduced  7  strains  of  Bact.  thurlnglensls  Into  the 
feed  to  chicks  and  hens  at  a  rate  of  2-4.5  g  per  individual  per 
day,  and  in  all  cases  there  was  observed  a  decrease  In  the  number 
of  developed  larvae  of  house  flies  In  the  droppings  of  the  hens. 

The  complete  absence  of  pupation  of  larvae  was  noted  on  the  7-th 
day  with  a  dose  of  4.5  g  of  preparation  per  day  per  chicken.  A’l 
spores  given  to  the  hens  were  detected  In  the  feces.  At  all  levels 
of  food  Intake  the  author  observed  some  period  during  which  the 
number  of  viable  spores  decreased  as  if  to  zero.  During  the  course 
of  2-year  experiments  there  was  not  noted  any  harmful  effect  of 
such  treatments  on  the  birds.  There  was  also  not  noted  any  consider¬ 
able  difference  In  egg-laying  between  the  experimental  and  control 
hens.  In  another  series  of  experiments  the  author  added  Bact. 
thurlnglensls  to  the  hen  excrement  at  the  same  rate  as  to  ths  feed. 
The  development  of  larvae  was  suppressed  both  by  the  Introduction 
of  whole  culture,  and  also  of  diluted  cultine  by  10  times.  The 
author  also  used  a  culture  of  B.  series;  the  latter,  as  It  turned 
out,  suppresses  the  development  of  fly  larvae  to  a  lesser  degree 
than  Bact.  thurlnglensls. 


The  favorable  results  In  decreasing  the  number  of  larvae 
in  the  excrement  the  author  explains  by  the  fact  that  he  Introduced 
washed  cultures  In  a  suspended  state.  In  the  liquid  phase  of  which 


there  were  contained  toxic  substances,  the  latter  upon  drying  are 
only  partially  preserved. 

Briggs  notes  that  the  administration  of  antibiotics  to  hens 
with  their  feed  was  more  effective  with  respect  to  fly  larvae  than 
bacteria. 

There  Is  little  basis  to  assume  that  these  means  will  be  able 
to  find  wide  practical  application  In  the  near  future  in  combatting 
house  flies. 

Data  exist  on  the  use  of  spores  of  Beauverla  basslanae  for 
the  purpose  of  combatting  house  flies,  ticks  and  other  insects. 

Reassuring  results  are  given  by  the  fungi  Empusa  mescae, 
although  several  experiments  under  practical  conditions  gave 
different  results  in  effectiveness. 

Various  mites  although  also  detected  on  flies,  but,  probably, 
will  not  be  useful  for  practical  purposes. 

Among  the  parasites  of  pupae  attention  is  being  focused  on 
Spalangla  chaleldoldae,  and  also  on  Cunipldae. 

In  combatting  insects  it  is  also  possible  to  use  the  method 
of  turning  out  sick  insects  or  insects  infected  with  a  large  number 
of  pathogenic  micro-organisms. 

Prom  the  parasites  capable  of  being  used  in  combatting 
stable-flies  the  following  deserve  attention:  B.  delendae  muscae 
and  the  parasitic  Spalangla.  However,  there  is  little  basis  to 
assume  that  these  agents  will  be  able  to  find  wide  practical 
application  in  combatting  flies  in  the  near  future. 

Using  the  natural  enemies  of  mosquitoes.  The  most  effective 
measures  in  combatting  mosquitoes  are;  the  filling  of  various 


places  of  possible  mosquito  development,  the  draining  of  swamps, 
the  improvement  of  sanitary  conditions  and  the  application  of 
insecticides. 

To  the  use  of  natural  enemies  of  adult  mosquitoes  and  larvae 
much  works  has  been  dedicated. 

The  basic  advantage  of  biological  agents  as  compared  to 
chemical  insecticides  consist  in  the  fact,  that  the  former  belong 
to  living  organisms,  can  search  out  Insects  and  attack  them. 

For  a  long  time  for  the  destruction  of  mosquito  larvae  ducks 
and  Gambusla  fish  (Gambusla  attinls)  have  been  used.  In  the 
Chinese  People's  Republic,  besides  Gambusla,  carp  species  of  fish 
(Cyprinus  corplc)  and  others  are  used.  Idelius  fish  consume  not 
only  larvae,  but  also  the  weed  grasses  of  rice  fields.  According 
to  the  Shanghai  Institute  of  Parasitology  on  a  section,  where  such 
fish  were  used,  the  number  of  larvae  was  sharply  reduced  and  the 
rice  harvest  was  increased  due  to  the  fertilizing  properties  of 
the  fish  excretion  and  the  decrease  of  weeds. 

In  connection  with  the  appearance  populations  of  mosquitoes, 
their  low-sensitivity  to  chlorinated  hydrocarbons,  the  necessity 
of  using  parasites  and  predators  destroying  the  mosquitoes  became 
greater,  since  at  all  stages  in  their  development  mature  mosquitoes 
and  their  larvae  have  many  natural  enemies.  Among  these  enemies 
belong  specific  bacteria,  rlckettsia  fungi,  the  protists  Coelenterales, 
flat  and  round  worms,  mollusks,  crustaceans,  ticks,  insects,  fish, 
amphibians,  reptiles,  birds  and  warm-blooded  animals.  Many  predators 
attack  mosquito  larvae;  according  to  Beirn,  there  are  27  forms  of 
such  predators. 

The  prolonged  process  of  determining  the  effectiveness  and 
the  relative  role  of  their  natural  enemies  in  combatting  mosquitoes 
has  been  considerably  simplified  thanks  to  the  isotopic  tracer 


method,  —  a  owallowed  Insect  "can  signal”  the  place  where  It  Is 
located  in  the  organisms  of  the  predator.  Mosquitoes  can  be  easily 
tagged  with  radioactive  phosphorus,  and  subsequent  measurements  of 
radioactivity  of  Insects  and  amphibians  (beetles,  spiders,  frog) 
consuming  them  make  possible  a  quantitative  analysis  of  their 
role  in  destroying  mosquitoes  and  a  selection  of  the  most  effective 
natural  enemies  of  the  Insect  for  practical  biological  control. 

With  the  use  of  the  method  of  tagged  atoms  it  was  established 
that  short-winged  varieties  of  Aedes  communis  do  not  attack  man 
and,  probably,  can  be  used  for  the  suppression  of  populations  of 
long-winged  varieties  of  mosquitoes  which  are  carriers  of  malaria. 

Biological  control  can  also  be  conducted  with  the  help  of 
pathogenic  agents  of  mosquitoes  —  various  rickettsla,  bacteria, 
protlsts,  fungi,  viruses.  Thus,  a  virus,  which  under  normal 
conditions  coexists  with  a  carrier,  can  become  harmful  to  the 
latter,  if  it  is  cultivated  or  suspended  in  a  medium  such  as 
alanine  tagged  with  radiocarbon. 

According  to  source  material  15  kinds  of  bacteria  and  16 
kinds  of  fungi  are  pathogenic  for  mosquitoes;  data  exist  on  the 
possibility  of  using  for  these  purposes  certain  rlckettslae  causing 
harm  to  mosquitoes  and  their  larvae.  The  greatest  effectiveness 
is  attained  with  the  use  of  Leptotrix  buceolls,  which,  located 
in  large  quantities  in  a  medium  inhabited  by  larvae  bring  about 
the  death  of  the  latter. 

With  respect  to  micro-organisms  it  has  been  expressed  that 
Bact.  thurlnglensis  is  pathogenic  for  mosquito  larvae,  but  the 
preparation  turlclde  made  under  industrial  conditions  and  Containing 
spores  of  this  micro-organism,  turned  out  to  be  absolutely  harmless 
for  larvae  of  Aedes  nigromaculatus  both  in  laboratory,  so  also  in 
small  flej.d  experiments  in  California  (the  United  States)  and  with 
respect  to  Culex  tarsalis  -  in  the  laboratory.  The  majority  of 
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cases  of  destruction  In  laboratory  experiments  was  a  result  of 
the  effect  of  the  solvent  or  impurities  existing  in  product,  and 
the  spores  themselves  caused  only  Insignificant  destruction  of  the 
mosquitoes  or  did  not  cause  any  whatsoever  (Kellen,  Lewalen). 

According  to  Laird,  of  the  micro-organisms  worthy  of  attention 
there  are  Slderocapsa  Treubll,  Streptococcus  margaritaceus , 
Sphaerotllls  dlchotomus,  Sphaerotilis  nataus,  Loogloca  ramlgera 
and  others. 

There  is  information,  that  biological  insecticides  or  toxins 
kill  mosqultoe  larvae  under  laboratory  conditions  (Thompson). 

Thus,  aqueous  extracts  of  spores  (Beduveria  bassmla)  possess 
considerable  insecticidal  activity. 

From  16  kinds  of  fungi  pathogenic  for  mosquitoes  the  most 
thoroughly  studied  is  the  type  Coelomomyces,  Stegomyia,  which  are 
injurious  in  tropical  countries  to  Aedes  mosqultoe  larvae.  Laird 
and  others  used  this  spore-forming  fungus  for  combatting  mosquitoes 
on  the  Tokelau  Islands.  As  a  result  after  1^  years  a  decrease 
was  attained  in  the  number  of  mosquitoes  by  60%,  Certain  fungi 
of  the  species  Entoraophtore  also  deserve  attention. 

Protists  can  be  used  for  the  destruction  of  mosquitoes  and 
gnats  at  all  stages  of  their  development.  Of  the  type  Mastlgophora 
certain  species  destroy  mosquitoes,  out  the  effect  observed  is 
insignificant.  Sporosoa  Includes  many  harmful  forms,  including 
Microsporldla,  such  as  Mosema  and  Tnelohanla  and  others,  described 
species  (10  names).  Of  potential  value  is  the  type  Stempellia 
and  Plostophora;  over  20  species  of  Caliphora  of  12  genuses  also 
destroy  mosquito  larvae. 

Fungi  are  the  most  widespread  parasites  of  insects  —  carriers 
of  exciters  of  infectious  diseases.  Coelomomyces,  for  example, 
destroys  Anopheles  gamblae  larvae.  Certain  fungi  imperfect! 


(Beauverla,  Isarla,  Spicarla)  are  harmful  In  Europe  to  many 
hemipterous  and  dipterous  Insects  and  ticks.  Including  Ixodes 
rlelnus  -  carriers  of  various  virus  diseases. 

It  has  been  established  that  10  species  of  nematodes  parasitize 
Insects,  78  -  dipterous  Insects  and  4  -  fleas;  many  of  them  are 
harmless  Inhabitants  of  the  Intestines  of  Insects.  However,  the 
representatives  Mermlthldae,  Stelnermatldae  and  Tylenshida  are 
harmful  to  tissue. 

These  nematodes  are  cultivated  in  the  bee  moth.  When  a  moth 
Is  thrown  Into  a  pond.  In  which  llv*  mosquito  larvae,  the  latter 
consume  the  moth  containing  the  nemttodes  and  die  within  approximately 
36  hours. 

Using  the  natural  enemies  of  gnats.  Protlsts  and  nematods 
(Mermlthld  wornos)  kill  gnats;  among  nematodes  15  species  are 
well-known,  which  destroy  gnats.  Of  the  protlsts  Thelohanla  is 
deserving  of  special  attention.  As  a  result  of  an  Infestation 
partial  destruction  of  the  Insects  is  observed.  Various  predatory 
Insects  especially  Trlchoptera  larvae  feed  on  gnats  and  their 
larvae . 

Using  the  natural  enemies  of  gadflies.  As  yet  there  have  not 
been  detected  bacteria,  protlsts  and  fungi,  which  could  be  used 
to  destroy  these  Insects.  However  the  use  of  the  eggs  of  Phanurus 
emersoni  hymenopterons  (Hyraenoptera)  furnishes  a  certain  hope  in 
this  respect.  Field  tests  showed  that  with  the  help  of  this 
parasite  It  Is  possible  to  attain  a  decrease  in  the  number  of 
gadflies  by  50%.  Other  species  of  Hymenoptera  as  yet  also  require 
study  for  the  purpose  of  establishing  the  possibility  of  their 
use,  especially  the  genus  Telenomus. 

Using  ants  for  the  purpose  of  destroying  lice.  For  lice 
certain  species  of  bacteria  are  pathogenic;  they  cause  disease 


in  lice,  however  such  micro-organisms  as  yet  do  not  have  practical 
value. 

In  literature  cases  have  been  described,  when  under  prolonged 
march  conditions  ants  have  been  used  for  the  destruction  of  lice 
in  underclothing.  For  this  purpose  the  lousy  underclothing  was 
placed  near  an  anthill.  Carrying  food  to  their  nest  for  other 
ants  and  construction  materials  for  nest,  the  ants  encountering 
this  linen  on  their  way,  liberated  It  from  Insects  and  In  the  course 
of  a  half  hour  removed  from  It  all  the  nits  and  lice.  The  ants 
removed  only  the  living  nits;  the  nits  killed  during  sanitary 
treatment  (boiling.  Ironing)  almost  remained  completely  untouched. 
The  underclothing  liberated  In  this  manner  from  lice  and  nits  had 
a  specific  odor  of  formic  acid  {CH2O2),  which  vanished  after  washing 
and  laundering  (N.  N.  Bogdanov). 

Using  Bac.  thurlnglensls  for  destroying  cockroaches.  Certain 
species  of  bacteria  inflict  great  harm  on  cockroaches,  but  this 
method  of  controlling  them  has  been  only  slightly  developed. 

L.  I.  Brlkman  and  M.  I.  Alekseyeva  made  an  attempt  to  use 
Bact.  thurlnglensls  to  combat  common  cockroaches.  Tentative 
investigations  were  conducted  with  3  strains  of  bacteria  (C-4; 

6-58  and  USA-58).  The  action  of  each  strain  on  cockroaches  was 
studied  In  spore  and  vegetative  form;  to  the  Insect  they  gave 
bait  containing  per  1  mi  6  mg  of  culture  of  one  of  the  strains. 

All  3  strains  were  equally  virulent  with  respect  to  the  males; 
with  respect  to  females  somewhat  less  virulence  was  possessed  by 
strain  C-4.  A  difference  between  the  effect  of  the  vegetative  and 
spore  forms  was  noted  only  for  the  males.  Female  cockroaches  were 
more  resistant  to  Bact.  thurlnglensls,  with  the  exception  of  the 
period  of  carrying  the  cocoon;  the  destruction  of  females  with  the 
cocoon  on  the  15-th  day  reached  77!t,  without  the  cocoon  -  32%. 

There  was  also  noted  a  delay  in  the  development  of  eggs  In  females 
contaminated  with  Bact.  thurlnglensls;  the  yield  of  larvae  for 
experimental  cockroaches  was  ^6.5%,  and  for  control  of  cockroaches  — 
92%. 
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According  to  the  authors,  under  laboratory  conditions  there 
occurs  a  transmission  with  cockroaches  -  males  and  females  -  of 
Bact.  thurlngiensls  from  the  experimentally  contaminated  Insects 
to  the  uncontaminated  ones.  This  was  confirmed  both  by  the  death 
of  the  Insects,  and  also  by  microbiological  Investigations.  It 
has  been  established  that  In  the  case  of  Infection  of  cockroaches 
both  by  spore,  and  also  by  vegetative  forms,  there  Is  noted  a 
transovarlan  transmission  of  Bact.  thurlngiensls  to  the  offspring  - 
a  bacteria  culture  was  extracted  from  15%  of  the  Insects  of  various 
ages. 


Using  Bact.  thurlngiensls  to  destroy  red  house  ants.  L.  I. 

Brlkman  and  M.  I.  Alekseyeva  applied  the  bacterial  method  In  combatting 
the  red  house  ant;  the  authors  considered  that  diseases  among  ants 
will  be  transmitted  by  their  contact  with  each  other  and  that  they 
will  carry  the  Infection  Into  the  colony;  the  experiments  were 
conducted  with  3  strains  of  Bact.  thurlngiensls  (C-4;  6-58,  and 
USA-58);  the  effect  of  each  strain  was  studied  in  snore  and  vegetative 
forms . 


The  best  results  were  obtained  using  the  vegetative  form  of 
Bact.  thurlngiensls  strain  6-58,  which  was  most  virulent  In  a 
mixture  with  1  g  of  food  bait  containing  6  mg  of  culture.  Infected 
ants  died  within  the  limits  of  5-18  days. 


The  vegetative  form  of  Bact.  thurlngiensls  of  all  strains 
on  all  food  bases  gave  a  considerably  greater  number  of  experiments 
with  positive  results  than  the  spore  form. 


Microbiological  Investigations  showed  that  Bact.  thurlngiensls 
does  not  die  In  the  organism  of  the  red  house  ant  (of  56  experiments 
In  ^0  there  was  obtained  a  growth  of  colonies)  and  the  death  of 
the  Insects  was  a  result  of  disease  In  them,  and  not  of  toxic 
effect,  as  occurred  In  the  work  with  certain  other  Insects. 
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Using  the  natural  enemies  of  bed  bugs.  The  biological  method 
of  controlling  bugs  has  been  only  slightly  developed.  Parasites 
playing  an  essential  role  In  decreasing  the  number  of  these  Insects 
have  not  been  detected. 

Data  exist  concerning  the  fact,  that  for  destroying  bugs 
It  Is  possible  to  use  the  fungi  Asparglllus  flavus.  When  It  Is 
used  the  fungus  appears  on  the  body  of  the  Infected  bugs  at  t  20° 
and  90%  relative  humidity. 

Using  the  natural  enemies  of  fleas.  Certain  rlckettslae, 
protlsts  and  helminths  are  harmful  to  fleas  and  cause  their  death, 
but  no  data  as  yet  confirming  their  practical  value  In  combatting 
fleas  exist.  Plague  bacillus  causes  the  death  of  fleas,  but  It, 
for  absolutely  Intelligible  reasons  Is  Inapplicable  under  practical 
conditions . 

Using  the  natural  enemies  of  ticks.  Although  certain  species 
of  bacteria,  protlsts  and  fungi  kill  ticks,  their  practical 
value  Is  small.  Viruses  of  diseases  In  ticks  have  been  detected  - 
phytophages.  This  shows  that,  possibly,  analogous  pathogenic  of 
agents  will  be  also  detected  In  ticks,  which  have  medical  value. 

V 

E.  Steinhaus  observed  under  laboratory  conditions  how  ticks 
Dermacentor  andersonl  feeding  on  guinea  pigs  died  from  bacterial 
Infection.  As  a  result  of  a  study  It  has  been  established  that 
the  disease  In  the  guinea  pigs  was  caused  by  salmonella,  which, 
getting  Into  the  organism  of  ticks,  also  caused  their  death. 
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CHAPTER  XVI 


DESTRUCTION  OP  INSECTS  BY  STERILIZATION 
WITH  SONIZINQ  RADIATION 

The  latest  methods  and  means  of  combatting  Insects  is  by  using 
some  Insects  against  others,  and  also  self-destruction. 

This  can  be  attained  In  the  following  ways:  1)  by  the  production 
of  sterile  males  and  females  subjected  to  the  effect  of  X-  and 
gamma  rays  2)  by  the  application  of  preparations  causing  the 
sterilization  of  Insects  (males  and  females);  3)  by  the  production 
of  Imagoes  contaminated  with  pathogenic  micro-organisms,  which 
transmit  the  infection  directly  to  mature  Individuals  of  the  same 
species,  and  also  through  larvae  by  infecting  their  breeding  places; 

4)  by  the  breeding  and  production  of  strains  of  Insects,  which 
have  certain  organic  deficiencies. 

Research  on  the  sterilization  of  Insects  with  the  help  of 
ionizing  radiation  was  begun  In  1950.  As  a  result  of  the  work 
carried  out,  the  necessary  quantities  of  radiation  and  the  optimum 
time  of  Irradiation  providing  the  achievement  of  effective  results 
have  been  established  (Coll).  The  purpose  of  these  Investigations 
was  the  production  of  sterile  males  to  be  released  in  places 
Inhabited  by  these  species  so  that  they  entered  Into  competitive 
relations  with  a  smaller  number  of  unlrradlated  males  (fertile  ones); 
this  method  gives  good  results  especially  In  those  cases,  when  the 
female  Insects  rarely  mate. 


a.  A.  Nadaon  and  V.  S.  Filippov  (1925)  In  experiments  on 
yeast  showed  the  possibility  of  causing  mutations  by  the  effect 
of  X-rays.  In  1927  It  was  dl^'^covered  that  with  help  of  X-rays 
It  was  also  possible  to  cause  mutations  In  fruit  files  (Drosophila 
melanogaster) .  The  latter  observation  attracted  the  attention 
of  geneticists  and  cytologlst-,  who  studied  this  phenomenon  from 
the  point  of  view  of  heredity  and  evolution.  The  Investigations 
were  conducted  mainly  on  fruit  files,  wasps,  mosquitoes,  grass¬ 
hoppers  and  bees. 

Analogous  results  were  also  obtained  by  the  prolonged  effect 
of  ultraviolet  rays  on  Insects.  However  the  latter  possess  poor 
penetrability  and  cannot  be  used  In  broad  experiments. 

Undoubtedly,  radiation  can  also  be  used  and  In  doses  lethal 
for  Insects;  however  one  should  consider  that  Insects  are  100  times 
more  resistant  to  radiation  than  majority  of  vertebrates.  Therefore 
the  most  reassuring  results  were  obtained  with  the  use  of  rays 
with  relatively  small  activity,  calculated  to  disturb  the  metabolism, 
the  processes  of  reproduction,  to  cause  sterilization  or  the  creation 
of  defective  short-lived  mutants.  It  Is  necessary  to  consider 
that  not  all  mutations  are  necessarily  unfavorable;  In  certain 
cases  It  Is  possible  to  observe  an  increase  In  the  life-span  of 
Insects . 

The  use  of  radiation  on  a  large  scale  for  the  Irradiation  of 
insects  for  the  purpose  of  changing  their  genetic  characteristics 
with  the  subsequent  release  of  these  Insects  Into  nature  opens 
broad  possibilities  for  their  biological  control.  By  creating 
lethal  mutants  (dominant  or  recessive)  of  one  or  the  other  sex, 
sterile  hybrids  or  strains  with  the  predominance  of  any  one  sex 
In  a  population,  and  also  by  selecting  defective  strains  It  Is 
possible  to  prevent  the  development  of  resistant  forms.  It  Is 
especially  because  of  this,  that  the  genetics  of  Insects  Is 
acquiring  great  significance. 
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At  present  the  method  of  sterilizing  Insects  with  Ionizing 
radiation  has  become  completely  practicable  because  of  the  presence 
of  by-products  of  various  forms  of  Isotopes.  The  simplest  method  ^ 

of  sterilizing  insects  Is  by  externally  Irradiating  them  with  (  ) 

beta-  or  gamma  radiation,  and  It  is  also  possible  to  apply 
the  method  of  administering  radioisotopes  to  insects. 


Alpha-,  beta-,  gamma-,  and  X-radiatlons  have  their  own 
peculiarities:  furthermore,  they  also  differ  In  their  ability 
to  penetrate  into  objects  being  treated.  Alpha  particles  of  a 
helium  atom,  emitted  by  the  nuclei  of  certain  radioactive  substances, 
are  readily  absorbed  by  various  objects.  Thus,  thi»y  penetrate 
Into  the  skin  of  man  and  animals  to  a  depth  of  several  tens  of 
microns.  Beta-rays  consist  of  particles  or  electrons  (or  positrons) 
and  possess  weak  penetrability.  Qamma-radlatlon  is  electromagnetic 
radiation  (a  form  of  pure  energy),  identical  to  '^-rays,  but  it 
possesses  greater  penetrability. 


For  sterilizing  Insects  It  Is  possible  to  use  X-  and  gamma-rays. 


Because  of  the  prevalence  of  X-ray  equipment  (with  the  help 
of  which  X-rays  are  obtained),  the  obtaining  of  precisely  these 
rays  is  the  most  accessible,  but  with  prolonged  operation  the  tubes 
of  X-ray  apparatuses  rapidly  burn  out;  this  Impedes  their  use.  For 
example,  the  guaranteed  period  of  operation  for  a  lBPVl-60  X-ray  tube 
for  a  Rl’M-7  apparr<-us  Is  300  houi’s. 


Beta-,  gamma-  and  X-rays,  pas'-lng  through  living  creatures, 
act  destructively  on  organs  and  tissues,  causing  the  same  phenomenon  — 
ionization,  which  can  destroy  such  vitally  necessary  cellular 
elements,  as  genes  and  enzymes.  This  action  varies  depending  upon 
the  species  of  organism.  Thus,  man  Is  more  sensitive  to  Ionizing 
radiation  than  insects,  and  insects  are  more  receptive  than  bacteria. 


Distinctions  In  sensitivity  to  radiations  are  also  observed 
depending  upon  age,  stage  of  development  and  so  forth.  For  example, 
the  eggs  of  insects  are  more  sensitive  than  larvae  and  larvae  are 
more  susceptible  than  Imagoes. 


522 


. 

;i  / 


The  LD^q  of  gamma-radiation  with  cobalc-60  for  body  Tice,  house 
flies,  oriental  and  common  cockroaches,  crickets,  bugs,  red  house 
ants  varies  from  130  (for  the  eggs  of  house  flies)  to  190,000  R 
(for  clothes  lice  In  nymph  stage  and  for  females  of  house  ants). 

The  doses  of  gamma-rays,  which  are  required  to  provide  complete 
destruction  of  these  Insects,  varied  from  600  to  250,000  R.  It 
was  also  noted  that  the  LO^g  varies  Inversely  proportionally  to 
the  size  of  the  Insects.  A  dose  of  75»000  R  and  above  Inhibits  the 
reproduction  of  clothes  lice,  and  the  lice  which  are  resistant  to 
DDT  are  not  more  resistant  to  radiation  than  the  ones  susceptible 
to  DDT.  Insects  which  have  been  subjected  to  irradiation  are 
considerably  more  sensitive  to  insecticides  than  those  not  subjected 
to  Irradiation. 

It  has  been  noted  that  the  sex  cells  are  more  sensitive  to 
irradiation  than  the  other  cells  of  the  organism.  Cytological 
investigations  have  shown  that  after  the  irradiation  of  5-day  pupae 
of  flies  (Callltroga  hominivorax  about  half  of  them  contained  in 
the  sexual  organs  of  the  males  sperm  and  spermatids  (spermatozoa), 
the  others  -  spermatogonlal  cells  and  spermatocytes  (the  male 
sex  cells  in  the  period  of  their  growth  and  maturation).  Only 
the  completely  matured  sperm  and,  possibly,  the  spermatids  survived. 
Thus,  the  irradiated  males  possessed  in  the  best  case  a  power  of 
fertilization  equal  to  half  the  power  of  normal  males. 


According  to  Rhode  Lores,  Eguis,  after  the  irradiation  of 
^^-day  old  pupae  of  the  Mexican  fruit  fly  with  a  dose  of  2000  R 
further  development  of  these  insects  ceased,  while  of  8-day  pupae 
after  the  effect  of  doses  of  7000-12,000  R  the  hatching  of  the  imagoes 
was  ^<0-l8)J.  When  12-day  pupae  were  subjected  to  the  effect  of 
5000  R  in  the  Irradiated  females  eggs  did  not  develop.  Both  sexes 
became  sterile  until  death,  sometimes  for  a  period  of  107  days  after 
hatching,  where  the  duration  of  life  seemingly  was  normal.  The 
indicated  dose  did  not  affect  either  the  population  or  the  aggres¬ 
siveness  of  the  males  in  the  early  stage,  but  in  the  30-39-day 
males  there  was  observed  a  dec’^ease  in  activity  -  they  copulated  a 
total  of  50  times  as  compared  to  l4l  times  for  the  unlrradlat  d  males. 
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In  a  study  of  the  effect  on  12-day  pupae  of  doses  of  from 
1000  to  5000  R  at  a  rate  of  90;  70;  50;  30,  and  10  R/mln  it  was 
established  that  with  a  critical  dose  of  2000  R  in  proportion  to 
the  increase  of  the  intensity  of  the  effect  the  females  laid  even 
less  eggs,  and  the  irradiated  males  became  less  fertile.  Females, 
which  obtained  a  dose  above  2000  R,  did  not  lay  eggs,  and  the  number 
of  viable  eggs  laid  by  unlrradiated  females  which  had  copulated  with 
irradiated  males  gradually  decreased  until  complete  sterility  was 
attained  with  a  dose  of  5000  R. 

According  to  Bushland,  sterilization  of  Callitroga  homlnivorax 
flies  is  attained  most  expediently  by  irradiating  5-day  pupae 
maintaining  the  thermostat  at  during  the  5  days.  Males  were 
sterilized  with  a  dose  of  2500  R,  and  females  5000  R;  females 
Irradiated  by  such  a  dose  did  not  lay  eggs  or  laid  anomalous  masses 
with  a  quantity  of  less  than  50  eggs,  whereas  flies  from  the  same 
culture  which  were  sensitive  to  insecticides  laid  about  200  eggs 
at  one  time. 

A  dose  of  7500  R  and  above  prevented  ovlposltion.  Males  and 
females  endured  sterilizing  doses  of  20,000  R  without  any  external 
effect,  Just  as  they  endured  a  dose  of  5000  R.  From  irradiated 
pupae  Imagoes  emerged.  Just  as  they  did  from  the  control  pupae, 
but  the  irradiated  flies  did  not  live  as  long  a  time,  as  the 
unlrradiated  ones.  When  normal  females  were  placed  in  breeding 
boxes  with  irradiated  males  for  copulation,  and  then  normal  males 
were  added  to  them,  they  did  not  copulate  a  second  time  (Calltroga 
copulates  once),  but  they  laid  only  sterile  masses  of  eggs.  In 
the  presence  of  sterile  and  nonsterlle  males  the  ratio  of  sterile 
eggs  to  normal  eggs  was  approximately  analogous  to  the  ratio  of 
the  number  of  sterile  and  normal  males  in  the  vivariums,  which 
indicated  the  presence  of  Identical  activity  on  the  part  of  sterile 
maj.es . 

After  the  irradiation  of  Calltroga  flies  with  a  dose  of  7500  R 
in  the  first  weeks  after  emerging  from  the  pupae  the  irradiated 


males  Inseminated  az  many  females,  as  the  twmal  ones  (Dlamant). 
Nonetheless  no  offspring  were  obtained  fromlthem  even  after  3 
weeks  of  copulation.  The  employed  dose  provided  complete  sterility 
without  the  return  of  fertility  to  the  CalilYoga  males.  If  the 
females  copulate  repeatedly,  the  sperm  of  sterile  males  is  mixed 
In  the  spermatheca  and  competes  with  the  sperm  of  the  normal  males. 
Thus  the  decrease  of  the  biotic  potential  of  this  species  has  the 
same  significance,  as  other  species,  which  copulaite  only  one  time. 
With  a  ratio  of  sterile  males  to  nonsterile  of  ^:1  from  80X  of  the 
eggs  laid  by  the  female  fly  larvae  did  not  hatch. 


Knipling  developed  a  slmi  le  mathematical  theory  for  determining 
the  number  of  sterile  males  for  the  purpose  of  combatting  natural 
populations  of  Insects  of  the  same  species  (Table  31)* 


Table  31.  The  ratio  of  the  number  of  sterile  males  to  normal  ones 
with  the  release  of  the  former  Into  nature. _ _ 


Number  of 

Theoretical 

Natural 

released 

The  ratio 

Females 

population 

population 

sterile 

of  sterile 

copulating 

of  normal 

of  females 

males  of 

males  to 

with 

females  In 

in  the 

each  gen- 

normal 

sterile 

last  gener- 

region 

eration 

ones 

males,  % 

at  Ion 

2,000,000 

2,000,000 

2:1 

66.7 

338,333 

333,333 

2,Ph0,000 

1  6:1 

85.7 

47,61P 

47,619 

1,107 

2,000,000 

2,000,000 

(»2:1 

1807:1 

97.7 

99.95 

1 

1,107 
Less  than 
one 

So  that  the  method  of  sterilizing  males  would  be  effective  in 
combatting  Insects,  Knipling  cites  5  conditions,  which  have  to 
prevail:  a)  the  method  of  mass  reproduction  of  Insects  should 
be  practicable;  b)  it  is  necessary  to  try  to  get  uniform  distribution 
of  the  released  sterile  males;  c)  the  method  of  sterilization  should 
not  harmfully  affect  the  copulation  cf  the  males;  d)  the  female 
Insects  which  are  being  combatted  should  normally  copulate  a  total 
of  one  time;  if  several  matings  occur,  then  the  sperm  of  the  gamma- 
irradiated  males  should  successfully  compete  with  the  sperm  of  the 
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normal  males;  e)  the  density  of  the  Insect  population  should  be  low 
or  the  population  should  be  decreased  by  other  methods  to  a  level, 
at  which  it  is  possible  with  reasonable  success  to  release  a 
predominant  population  of  sterile  males  for  a  prolonged  time. 

Mechanism  of  sterilization,  according  to  Bushland,  reduces  to 
the  fact,  that  with  the  use  of  gamma-rays  part  of  them  (adsorbed) 
is  converted  into  a  negative  electrical  charge  causing  chemical 
changes  in  the  cells  of  the  Insect  organism. 

As  a  result  of  the  effect  of  the  gamma-rays  direct  physical 
and  chemical  changes  occur  in  the  genes  and  chromosomes.  It  is 
also  possible  the  enzymes  inside  the  cells  are  inactivated.  Their 
inactivation  disturbs  the  normal  physiology  of  cell  division. 

However  the  greater  part  of  the  mutagenic  effect  is  considered  as 
a  result  of  the  chemical  changes  in  the  desoxyribonucleic  acids 
inside  the  chromosomes.  Desoxyribonucleic  acid  belongs  to  the  class 
of  acids,  which  in  combination  with  phosphates  are  considered  self- 
reproducing  chemical  substances  composing  the  genes.  Thus,  any 
chemical  reorganization  changes  the  gene  and  this  change  is  repeated 
in  cell  division,  thereby  causing  a  change  in  heredity. 

Strong  irradiation  of  dividing  cells  causes  considerably  physical 
and  chemical  changes,  due  to  which  the  cells  degenerate.  If  a 
large  number  of  cells  in  a  living  organism  is  subjected  to  such 
an  effect,  the  insect  dies;  cells  not  subjected  to  irradiation  at 
the  time  of  division  have  their  chromatin  in  a  diffuse  state  throughout 
the  nucleus.  In  such  a  state  the  cytoplasm  and  the  nucleus;  are 
ccnslderably  more  resistant  to  irradiation.  However,  when  the 
cells  are  dividing  the  chromatin  is  concentrated  in  specific 
chromosomes,  as  a  result  of  which  the  chromosome  are  ho  a  gieater 
degree  subjected  to  the  harmful  effect  of  the  radiation.  This 
pertains  both  to  the  cells  of  the  somatic  tissues,  multiplying  by 
mitosis,  and  also  to  the  germ  cells  in  the  testes  and  ovaries 
subjected  to  chromosomal  consecutive  division  or  melosls  [melosls  — 
one  of  two  consecutive  divlelons  of  developing  sex  cells,  the 
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so-called  maturation  (reduction)  division  o 
somes  in  two]. 


the  number  of  chromo- 


In  an  adult  Individual  or  an  individual  in  the  last  pupa 
stage,  where  the  formation  of  the  Imago  is  almost  completed,  In  the 
somatic  tissues  cell  division  occurs  slowly.  Only  In  the  sex 
glands  do  mitosis  and  melosls  occur  rapidly.  In  such  cases  a  dose 
of  gamma-rays  Is  readily  endured  by  the  somatic  cells,  at  the  same 
time  this  dose  causes  mutations  in  the  germ  cells.  If  this  dose 
Is  lower  than  that,  which  Is  necessary  for  complete  sterilization 
(several  hundreds  roentgens),  then  many  mutations  will  occur.  Sperm 
can  endure  changes  In  one  or  several  genes,  which  do  not  deprive 
the  insect  of  the  ability  to  fertilize  the  eggs  or  do  not  affect 
the  ability  of  sex  cells  to  survive  and  to  multiply. 


If  the  harmful  effect  of  gamma-rays  on  the  sex  cells  makes 
the  offspring  Incapable  of  surviving,  this  is  called  a  lethal 
mutation.  In  a  number  of  cases  lethal  mutations  do  not  appear  in 
^  the  first  generation  obtained  from  irradiated  males  and  normal 

females,  but  appear  later,  when  the  offspring  breed. 

Another  lethal  mutation  can  be  dominant  and  will  overpower 
the  effect  of  the  corresponding  gene  obtained  from  the  normal 
mother,  so  that  the  zygote  (a  zygote  is  a  cell  formed  as  the  result 
of  the  merging  of  sex  cells)  dies. 

At  the  time  of  irradiation  of  the  pu.oae  or  young  imago  there 
Is  observed  full  spermatogenesis  and  the  individual  mobile  spermatozoa 
are  already  fully  matured.  The  chromatin  material  inside  the  head 
of  the  sperm  is  sufficiently  modified,  so  that  in  each  of  them 
lethal  mutations  start  dominating.  When  a  male  treated  in  the 
young  imago  or  pupa  stage  by  a  sterilizing  dose  of  radiation  copulates 
with  a  normal  female,  then  the  irradiated  sperm  is  deposited  in  the 
spermatheca  in  the  same  way  as  is  the  normal  sperm.  When  the  female 
lays  her  eggs,  each  of  them  Is  penetrated  by  a  sperm  and  the  eggs 
are  fertilized. 
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Irradiation  causes  genetic  injuries  both  to  the  spermatogenic 
cells,  and  also  to  the  spermatids,  simultaneously  with  injury  to 
the  latter  and  the  sperm.  A  dominatant  lethal  effect  in  a  sperm, 
probably,  depends  on  chromosome  breakage. 

The  chromosomes  transmitted  with  a  spermatozoon  can  be  so 
greatly  modified  that  the  transmission  of  inheritance  to  the 
zygote  3s  insufficient  even  for  one  cell  division.  In  case  of  the 
division  of  many  cells  the  zygotes  die  after  a  certain  time,  as 
a  result  the  larvae  do  not  hatch  from  the  eggs.  When  a  sterilizing 
dose  is  adjusted  in  such  a  way,  that  the  male-parent  obtained 
exactly  sufficient  radiation  to  prevent  the  hatching  of  the  fertilized 
eggs,  then  a  simple  inspection  of  the  eggs  under  a  microscope  with 
good  Illumination  will  show  that  the  embryos  died  inside  their  shells. 

Therefore,  apparently,  it  will  be  an  error  to  call  the  irradiated 
males  sterile,  Inasmuch  as  they  form  mobile  sperm,  which  fertilize 
eggs.  However,  Inasmuch  as  the  embryos  die  without  hatching,  it 
is  convenient  to  say  that  the  males  are  sterile,  and  the  eggs  are 
sterile. 

Analogous  irradiation  causing  sterility  of  the  germ  cells  of 
the  male  also  provides  a  similar  effect  on  females.  But  whereas 
a  male  pupa  can  already  contain  completely  formed  sperm  in  the 
testes  at  the  time  of  irradiation,  oogenesis  does  not  occur  as 
rapidly  as  spermatogenesis  and  the  ovaries  of  the  pupa-female  do 
not  contain  well-developed  eggs.  The  development  of  eggs  occurs 
after  the  emergence  of  the  imago  from  the  puparlum  and  the  dose  of 
radiation  can  so  damage  oogenesis  that  the  female  becomes  incapable 
of  forming  eggs.  Thus,  the  female  in  the  more  exact  meaning  becomes 
sterile  than  the  male.  Inasmuch  as  in  her  eggs  cannot  be  developed 
and  be  subject  to  fertilization. 

The  irradiation  method  can  be  applied,  apparently,  only  with 
respect  to  Imagoes  or  pupae,  in  the  organism  of  which  there  have 
already  been  formed  the  vitally  necessary  organs.  If  the  prelmaginal 


stage  of  insect  development  is  irradiated  with  the  same  doses,  then 
the  effect  is  not  sterilizing,  but  lethal.  This  is  explained  by  the 
fact  that  in  Immature  Insects  mitosis  consists  in  the  dlfferentatlon 
and  growth  of  somatic  tissues.  Somatic  cells  during  rapid  division 
are  very  sensitive  to  irradiation.  Therefore  a  sterilizing  dose  of 
radiation  undergone  by  the  somatic  tissues  of  Imagoes  is  lethal  for 
these  tissues  at  an  earlier  stage  of  development. 


In  the  United  States  the  method  of  sterilizing  males  was  used 
for  the  purpose  of  combatting  Callitroga  homlnlvorax  flies.  These 
flies  have  a  limited  place  of  Inhabitation  -  in  the  tropic  and 
subtropical  part  of  the  western  hemisphere.  According  to  Knlpllng, 
flies  were  sterilized  under  laboratory  conditions  from  a  source  of 
radioactive  cobalt,  which  provided  the  best  results.  Pupae  were 
subjected  to  irradiation  on  the  5-th  to  6-th  day  after  pupating  or 
I  2-3  days  before  the  emergence  of  the  imago  from  the  pupae;  during 

this  time  the  pupae  were  kept  in  an  incubator  at  A  dose  of 

2500  R  caused  sterility  in  the  males,  and  a  dose  of  5000  R  —  in 
I  p'j  sterility  in  females  without  any  disturbances  to  their  biological 
characteristics,  feeding,  behavior,  instincts,  etc. 


In  Florida  (the  United  States)  there  was  a  well  equipped  laboratory, 
which  received  in  the  beginning  13,000,000,  and  then  50,000,000 
sterile  flies  per  week  (Callitroga  homlnlvorax).  These  flies  were 
scattered  over  Northern  Florida  and  Sourthern  Georgia  during  the 
first  half  of  1958.  These  measures  were  successful. 


For  the  breeding  of  such  a  quantity  of  Insects  the  development 

of  a  special  substrate  was  required,  consisting  of  a  mixture  of 

ground,  unfat  meat,  blood  and  a  small  quantity  of  formaldehyde.  It 

turned  out  that  it  was  sufficient  to  release  100  sterile  males  per 

week  per  1.6  km  ,  in  order  to  ensure  a  decrease  in  the  density  of 

the  natural  population.  In  further  experiments  for  the  complete 

destruction  of  flies  on  an  Isolated  Island  (2600  km ' )  during  the  course 

of  10  weeks  males  were  scattered  from  an  aircraft  -  up  to  500 

2 

individuals  per  1.6  km  per  week.  As  a  result  it  was  observed  that 
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approximately  70%  of  the  natural  females  was  paired  with  sterile  males. 
It  is  necessary  to  emphasize  that  a  single  mating,  peculiar  to  Calll- 
troga  females  is  not  a  necessary  requirement  when  using  this  method 
of  destroying  Insects. 

In  using  this  method  on  the  mainland  under  conditions  of  open 
terrain  complete  destruction  of  the  flies  was  not  successfully 
accomplished  due  to  the  fact  that  the  locality  was  not  Isolated  and 
a  constant  migration  of  Insects  was  observed  from  the  surrounding 
area.  However,  lnas:.iuch  as  70%  of  the  matings  were  sterile.  It  is 
necessary  to  recognize  the  fact  that  the  competition  of  the  sterilized 
males  was  completely  successful.  The  latter  Indicates,  that  it  is 
possible  to  raise  millions  of  sterilized  flies  and  release  them  for 
the  purpose  of  successfully  destroying  a  given  species  of  Insects. 

Data  exist  about  the  fact  that  at  distance  of  30  km  from  the 
place  of  release  of  sterilized  insects  sterile  masses  of  eggs  can 
be  detected. 

According  to  Bushland,  on  the  island  of  Curacao  (80,000  km^) 
success  was  achieved  with  the  use  of  pupae  Irradiated  with  gamma-rays 
(radioactive  cobalt);  130  of  them  were  placed  In  each  sack  with 
a  rate  of  80t  emergence,  which  gives  100  sterile  flies  (50  females 
and  50  males).  The  flies  were  conveyed  to  the  Island  by  aircraft 
and  dropped  on  the  ground  2  times  per  week,  running  the  aircraft 
along  lines  at  a  distance  of  800  m  from  each  other.  In  the  first 
series  of  experiments  2  times  per  week  insects  were  dropped  at  a 
rate  of  100  Individuals  per  1.6  km'^  (i.e.,  100  males  and  100  females 
per  week).  The  release  of  100  males  per  week  was  Ineffective.  With 
an  Increase  of  the  release  of  flies  to  ^100  males  per  week  per 
1.6  km  success  was  attained.  Because  of  the  increase  of  the  release 
of  sterile  males  the  productivity  of  the  laboratory  had  to  be 
increased  from  13  million  to  50  million  flies  per  week  (20  million 
males  and  females  and  10  million  of  waste).  A  source  of  gamma-rays 
of  70  curies,  used  earlier  for  the  sterilization  of  the  flies,  was 
replaced  by  a  source  of  48o  curie. 
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In  these  experiments  for  scattering  the  files  cardboard  boxes 
with  a  weight  of  453  g  (1  pound)  were  used;  they  were  ventilated, 
the  Irradiated  pupae  were  placed  there  with  a  rate  of  hutching  of 
400  files  In  each)  and  they  were  maintained  under  appropriate 
conditions  of  humidity  and  temperature  until  the  hatching  of  the 
Imagoes.  After  that  the  boxes  were  loaded  on  aircraft,  from  which 
they  were  dropped  with  the  help  of  a  special  mechanism.  In  accordance 
with  a  previously  set  rate. 

As  soon  as  the  Island  was  saturated  with  sterile  males,  69% 
of  the  eggs  laid  became  sterile.  The  releasing  of  files  In  analogous 
quantities  during  the  course  of  4  weeks  showed  that  after  the 
appearance  of  a  new  generation  of  imagoes  the  quantity  of  females 
laying  eggs  greatly  decreased  and  the  percent  of  mating  Increased. 

After  two  new  generations  only  sterile  mating  was  recorded.  The 
whole  operation  of  destroying  Callltroga  flies  on  the  Island  of 
Curacao  continued  from  12  July  1954  to  6  January  195!5«  The  destruction 
was  attained  between  the  l4-th  and  22-nd  weeks  when  the  release  of 
sterile  insects  was  stopped.  These  first  achievements  In  the 
genetic  methods  of  controlling  Insects  showed  the  practl:ality  of 
the  mass  raising  and  releasing  of  Insects  with  distinctive  genetic 
characteristics.  After  the  effect  of  various  doses  of  radioactive 
cobalt  on  the  pupae  of  Lucllia  serlcata  flies  positive  results  were 
also  obtained.  Pupae  at  an  age  of  up  to  3  days  of  development  did 
not  yield  imagoes  In  the  case  of  using  radiation  of  300  R.  The 
percent  of  yield  of  Imagoes  from  pupae  at  an  age  over  3  days  at  the 
time  of  Irradiation  was  normal  to  a  dose  of  12,000  R,  but  decreased 
to  with  the  use  of  a  dose  of  24,000  R.  The  duration  of  life 
of  Imagoes  with  the  increase  of  the  dose  was  progressively  Increased 
starting  with  a  dose  of  100  R  and  above;  with  a  dose  of  9000  R  the 
duration  of  life  was  reduced  by  2  times. 

The  percent  of  viable  eggs  from  irradiated  females  decreased 
with  the  effect  of  doses  higher  than  2000  R,  although  their  quantity 
remained  at  the  former  level;  after  3000  R  and  higher  than  ovipositlon 
ceased.  Analogous  results  were  also  observed  In  working  with  males; 
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after  irradiation  with  a  dose  of  3000  R  Z%  of  the  males  remained  able 
to  fertilize  the  females;  with  the  use  of  a  dose  over  3000  R  the  males 
were  completely  sterile.  Morphologically  normal  sperm  was  discharged 
by  the  males  at  all  doses  of  radiation  up  to  24,000  R;  its  morbillty 
was  observed  only  to  a  dose  of  6000  R. 

No  positive  results  were  obtained  in  pairing  females  first 
with  normal,  and  then  with  irradiated  males;  the  eggs  continued  to 
remain  normal  and  from  them  larvae  emerged.  For  the  sterilization 
of  both  sexes  of  these  flies  and  the  prevention  of  ovlpositlon  doses 
of  8400-10,000  R  of  gamma-source  were  required,  but  such  doses 
destroyed  the  sexual  abilities  of  the  males;  in  decreasing  the  dose 
to  6700-8400  R  there  was  noted  the  development  of  permanent  sterility 
in  the  irradiated  males,  but  after  30-50  days  some  of  them  again 
successfully  fertilized  females. 

An  attempt  was  made  to  decrease  the  number  of  the  Lucllia 
serlcata  population  on  the  Isolated  territory  (on  Holy  Island  near 
the  northeastern  shore  of  England)  by  the  method  of  sterilizing 
males.  The  attempt  was  unsuccessful. 

The  release  of  sterile  fruit  flies  under  field  conditions  also 
did  not  give  results  -  a  depression  of  the  population  was  not 
observed. 

With  the  use  of  this  method  for  the  purpose  of  combatting 
Anopheles  quadrlmaculatus  mosquitoes  the  population  was  decreased  to 
an  insignificant  degree  and  on  the  following  year  was  completely 
restored. 

In  the  opinion  of  Knlpllng,  this  method  can  be  used  for  combatting 
moths  and  Anopheles  mosquitoes.  An  analogous  opinion  Is  held  by 
a  number  of  other  Investigators. 

According  to  Davis  and  others,  irradiation  of  the  pupae  or 
Imagoes  of  Anopheles  quadrlmaculatus  mosquitoes  with  a  dose  of 
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8865-2900  R  led  to  complete  sterility;  in  the  copulation  of  unirradiated 
males  with  irradiated  females  the  latter  did  not  lay  eggs;  with  the 
copulation  of  unlrradlated  females  with  irradiated  males  eggs  were 
laid  normally,  but  larvae  did  not  hatch  from  the  eggs.  When  irradiated 
insects  were  placed  in  a  vivarium  with  unirradiated  ones  at  a  ratio 
of  10:1,  the  number  of  eggs  laid  and  fertilized  decreased  by  80J. 
Analogous  data  were  obtained  with  Aedes  aegypti  mosquitoes. 

Weldhaas  and  others  irradiated  the  one-day  pupae  of  Anopheles 
quadrlmaculatus  mosquitoes  with  gamma  rays  from  radioactive  cobalt 
at  a  dose  of  12,000  R,  and  then  after  hatching  1  to  2-day  old 
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males  were  released  on  the  Islands  of  Crimer  and  Torrey  (5  km  ) 

in  Florida  (the  United  States).  During  the  course  of  11  months 

390,000  irradiated  males  were  released  with  an  average  of  l^l80 
2 

males  per  km  .  As  a  result  the  authors  succeeded  in  decreasing 
the  mosquito  population  on  one  island  by  65-110  times,  and  on  the 
other  by  10-60  times.  After  cessation  of  the  release  of  sterile 
males  the  mosquito  population  on  the  Island  was  quickly  restored. 

These  achievements  must  be  examined  as  an  event  of  great 
importance  and  as  a  new  landmark  in  the  whole  history  of  entomology. 

According  to  the  laboratory  data  of  Lxndqulst,  normal  malarial 

mosquitoes  react  to  irradiation  and  copulate  Just  the  same  as 

Callltroga  flies.  The  author  conducted  a  small  experiment  under 

2 

practical  conditions  on  an  island  with  an  area  of  7  km  ;  per  week 

2 

1000-1500  males  were  released  per  km  ,  which  exceeded  by  several 
times  the  size  of  the  normal  population. 

Laboratory  investigations  studying  gamma-irradiation  and  the 
possibility  of  the  use  of  this  method  for  the  sterilization  of 
males  were  conducted  on  a  number  of  Insects  (the  malarial  mosquito, 
the  cotton  pest,  moths  the  tse-tse  fly  and  others)  (Davies,  Lindquist). 
The  data  obtained  made  it  pv^sslble  to  draw  the  following  conclusions. 
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1.  The  method  of  raising  Insects  should  be  simple  and  cheap. 

2.  The  Insects  should  belong  to  a  type,  which  can  br  dropped 
from  aircraft  and  whicn  can  live  in  open  nature  for  a  certain  time. 

3.  The  method  of  sterilization  should  not  have  a  harmful 
effect  on  -copulation  or  appreciably  harm  the  males;  the  males  must 
possess  the  ability  to  actively  look  for  the  opposite  sex  and  to 
copulate  with  normal  females. 

4.  The  species,  which  are  being  combatted  should  not  be 
numerous;  it  is  necessary  to  consider  the  seasonal  fluctuations  of 
the  insects  and  to  conduct  the  work  in  the  season,  when  the  Insects 
ire  not  numerous. 


?.  The  region  being  subjected  to  the  treatment  should  be 
sufficiently  well  protected  from  new  colonization;  It  is  best  when 
it  is  separated  by  water  or  mountains. 

6.  The  males,  which  are  released,  should  not  inflict  harm  on 
people  and  animals. 

7.  The  method  of  separating  the  sexes  should  be  simple  and 
mechanized. 

8.  The  workers  should  have  accurate  knowledge  about  the  biolog¬ 
ical  and  ecological  peculiarities  of  the  Insect  (the  number  of 
generations  in  a  year,  the  duration  of  the  various  stages  of  development 
the  sites  and  yield  of  breeding,  the  number  of  Insects  per  unit  of 

area ) . 


9.  It  is  necessary  to  know  the  effect  of  irradiation  on  the 
various  species  of  insects,  the  dependence  of  the  effect  of  ionizing 
radiation  on  air  temperature,  the  number  of  different  gases  in  the 
air  and  the  eompoaltlon  of  the  food. 
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10  For  carrying  out  ' these  Invi-stlgatlony  great  expenditures 
are  required  for  equipment.  In  particular  for  obtaining  a  good 
source  of  gamma-rays.  This  method  Is  inapplicable  In  those  cases, 
when  the  released  males  will  themselves  present  a  threat  to  the 
health  of  people. 

The  given  data  Indicate  that  the  method  of  sterilizing  males 
and  females  with  Ionizing  radiation  requires  highly  qualified 
personnel  and  expensive  equipment,  the  use  of  which  Is  dangerous 
to  the  health  of  the  workers.  The  method  is  expensive,  therefore 
It  cannot  find  application  In  wide  practice. 

The  method  of  sterilizing  with  Ionizing  radiation  is  applicable 
in  combatting  arthropods  in  Isolated  regions,  for  example  on 
islands,  places  separated  from  the  surrounding  area  by  high  mountains, 
those  species  of  arthropods,  which  multiply  rapidly  and  have  an 
annual  cycle  of  development . 


CHAPTER  XVII 


THE  DESTRUCTION  OP  INSECTS  BY  STERILIZATION 
WITH  CHEMICAL  AGENTS 

The  search  for  chemical  substances,  which  would  deprive  insects 
of  the  ability  to  multiply,  Is  of  great  Interest.  Such  preparations 
will  promote  the  more  successful  destruction  of  their  populations 
than  the  use  of  insecticides  alone.  Ghemlcosterlllzers  and  oviposltion 
inhibitors  were  discovered  in  1952  by  Goldsmith  and  Frank. 

A  number  of  such  agents  is  known  some  of  which  prevent  the 
formation  of  sperm  and  eggs  or  cause  the  destruction  of  sperm  and 
eggs  after  their  formation,  other  compounds  cause  genetic  damage  to 
spermatozoa,  as  a  result  of  which  the  latter  do  not  fertilize  egg. 

In  this  and  analogous  directions  numerous  investigations  have  been 
conducted,  as  a  result  of  which  a  considerable  number  of  various 
preparations  has  been  proposed. 

Chemicosterlllzers  can  be  introduced  into  the  insect  organism 
in  various  ways:  through  the  intestinal  tract  with  food,  through 
the  cuticle  in  result  of  the  contact  of  the  insect  with  the 
preparations,  and  also  by  their  topical  application  to  the  insect. 

Of  the  large  number  of  studied  compounds  (over  1100)  some  of 
them  possess  sterilizing  properties,  to  which  a  considerable  number 
of  species  of  insects  is  sensitive.  In  the  sterilization  of  arthropods 
the  rule  is  adhered  to  that  the  sterilized  males  should  freely 
compete  with  normal  males,  satisfying  the  need  of  the  females  in 


556 


o 


mating.  The  Investlgatlo/ia  of  a  number  of  authors  (Ascher  and 
others)  have  shown  that  many  anticancer  preparations  possess  a 
chemlcosterlllzlng  effect.  Borkoves  divides  artlcancer  preparations 
Into  four  groups: 

1)  alkylating  substances;  this  group  Includes  compounds  of 
ethylenelmlne  and  derivatives  of  azlrdlne; 

2)  antimetabolites,  for  example  antagonists  of  folic  acid, 
glutamine,  purine  and  antagonists  of  pyrimidine  and  others; 

3)  radlomlmetlc  compounds  (compounds  causing  effects  analogous 
to  Irradiation). 

i|)  mitotic  poisons;  this  term  In  Its  narrow  meaning  most 
frequently  Is  applied  to  colchicine  and  Its  derivatives  and  to  the 
group  of  biologically  active  qulnones.  Using  this  tezmi  in  Its  broad 
meaning  this  group  also  Includes  the  radlomlmetlc  compounds  and 
almost  all  the  anticancer  preparations.  To  these  preparations  belong 
amlnopterln  and  methotrexate  (4-araino-N-methylpteroylglutamlc  acid), 
the  antagonists  of  folic  acid;  when  fed  at  a  concentration  of  0.51 
with  sugar  bait)  they  prevent  ovlpositlon  of  flies,  but  do  not  have 
a  harmful  effect  on  the  males.  Both  preparations  are  used  for 
therapy  In  leukemia,  neoplasms  and  other  Illnesses.  The  compound 
5-fluorouracll  (a  compound  having  an  effect  on  neoplasm)  at  a  0.25X 
concentration  Inhibits  ovlpositlon,  and  at  a  0.05J(  concentration 
prevents  the  hatching  of  larvae.  Also  studied  was  the  effect  on  the 
fertility  of  house  flies  of  certain  preparations  belonging  to  the 
poisons  affecting  mitosis,  -  the  sodium  salt  amlnopterlna  (^-amlno*^ 
ptcroylglutomlc  acid),  colchicine,  podophyllotoxln  and  methyl-bls- 
(beta-chloroethyl>)amlne  hydrochloride.  The  latter  suppresses  the 
synthesis  of  nucleic  acids  necessary  for  the  growth  and  reproduction 
of  cells.  The  preparations  are  administered  in  diluted  skim  milk 
at  a  rate  of  0.2;  0.5;  0.8,  and  2  mg/mi  and  fed  to  flies  from  the 
time  of  their  hatching.  The  flies  of  one  sex  treated  in  this  way 
were  allowed  during  the  course  of  4  hours  to  copulate  with  untreated 
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flies  (at  an  age  of  3  days),  after  which  the  females  were  returned 
to  their  former  feed  for  the  whole  period  of  oviposit ion.  Not  one 
of  the  enumerated  preparations  had  any  effect  on  males;  podophyllo> 
toxin  also  did  not  have  an  effect  on  females,  but  those  flies,  which 
obtained  the  othei  3  substances  did  not  lay  eggs.  Dissection  showed 
that  the  development  of  ovaries  In  these  insects  war  Inhibited; 
eggs  in  the  ovaries  of  flies  treated  with  aminopterln  contained  less 
yolk  than  the  eggs  of  normal  flies;  the  remaining  elements  were 
seemingly  Identical  with  t'le  exception  of  egg  size,  It  was  noted 
also  what  oviposltion  also  depended  on  the  food;  females  fed  a 
aqueous  solution  of  saccharose  did  not  oviposit,  but  started  to  do 
this  2  days  after  the  saccharose  was  replaced  with  skin  milk; 
conversely,  flies  fed  untreated  milk  after  they  had  been  fed  food 
with  one  of  the  above-indicated  3  mitotic  poisons  were  not  Impregnated 
and  did  not  oviposit.  Females  copulating  with  males  on  saccharose 
laid  viable  eggs. 

Recently  for  this  purpose  substances  have  been  proposed: 
aphoxlde,  aphomide,  apholate  and  raethyotep  which  gave  encouraging 
results  with  respect  to  the  sterilization  of  house  flies,  mosquitoes 
and  other  Insects;  they  simultaneously  sterilize  males  and  females. 
Aphoxlde-trla-(l-azlrldlnyl)-phosphlne  oxide;  aphomlde-N,N-ethylene- 
bls-p-bis-l-azlridlny 1 ) N-methy Iphosphlne  amide ;  apholate-2 , 2 , 4 , 4 , 6 , 6- 
hexa- ( 1-axlrldlny 1 )-2 , 4 , 6-trlphosphate-l , 3 » 5-trlaxlnome ,  methyotep- 
trls- ( 2-methy 1-1-azlrldlnyl )-phosphlne  sulfide . 

The  chemical  sturcutre  of  apholate  is: 


When  topicallif  applied  to  flies  (stable  files)  these  compounds 
caused  sterility  In  males  and  females;  1  vig  of  apholate  causes 
almost  full  sterility  In  those  cases,  when  the  treated  males  copulate 
with  treated  females.  Apholate  and  aphoxlde  sterilize  ooth  sexes 
of  house  files  when  given  to  Insects  with  feed  at  a  concent-cation 
of  0.25-1%’  Such  a  treatment  acts  stronger  on  females  than  on  males. 
The  preparation  affects  files  at  all  stages  of  development.  A 
certain  amount  of  destruction  Is  noted  with  the  treatment  of  larvae 
or  prepupae.  Morphological  Investigations  showed  a  diminution  of 
the  ovaries  and  testes.  A  change  was  observed  In  the  ovaries  and 
testes  of  drosophila  (melanogaster) .  The  formation  of  spermatozoa 
in  males  deteriorated,  starting  with  the  upper  region  of  the  testes; 
the  disturbance  progressed  being  accompanied  by  necrosis  of  the 
germinal  epithelium.  The  ovaries  In  the  treated  females  were  smaller; 
ruptures  In  the  ovaries  were  observed  and  a  lowering  of  the  number 
of  eggs  In  them.  Examination  of  the  ovary  showed  Impairment  of  the 
nutritive  cells  of  the  oocyte  (oocyte,  ovule)  and  the  follicular 
cells.  Treatment  of  the  larvae  led  to  a  noticeable  change  In  the 
state  and  form  of  the  pupae  and  imagoes  subsequently  forming. 

The  effectiveness  of  apholate  as  a  chemlcosterlllzlng  preparation 
in  combatting  house  flies  was  checked  under  practical  conditions. 

Corn  bait  containing  0.75%  apholate  was  scattered  In  a  dump  once  a 
week  for  a  period  of  7  weeks,  and  then  5  times  a  week  for  a  period 
of  5  weeks.  The  number  of  flies  decreased  by  20  times.  The  hatching 
of  eggs  was  within  the  limits  of  12-^9%’  The  bait  was  prepared 
in  the  following  manner:  to  2  parts  of  maize  there  was  added  1  part 
of  the  usual  feed  for  fly  Imagoes  (6  parts  of  dry  milk,  6  parts  of 
granulated  sugar,  1  part  of  dry  egg  yolk).  The  dump  (0.8  hectare) 
was  treated  with  16  kg  of  bait  during  the  first  7  .eks  (once  a  week) 
and  with  7  kg  during  the  period  of  the  remaining  5  weeks  (5  times 
a  week).  Somewhat  better  results  obtained  Oj  La  Brecque  In  the 
treatment  of  a  heap  of  waste  material  In  an  Inhabited  locality  on 
an  Island  during  the  course  of  5  weeks  (once  a  week);  as  a  result 
the  number  of  flies  was  decreased,  and  80o98X  of  those  remaining 
turned  out  to  be  sterile. 
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Th«  same  author  cari’led  out  treatment  of  two  nurseries  (5*^5  m 
each)  containing  1000  hens  each  In  individual  cages;  the  bird  droppings 
were  treated  with  granulated  bait  with  0.3%  methyotep  [trls-(2- 
methyl-l-asirldlnyD-phosphlne  sulfide].  The  best  results  were 
provided  by  treating  2  times  a  week  with  bait  containing  Sl%  corn 
flour,  13%  sugar,  151  powdered  milk,  2.5JI  egg  powder  and  0.5* 
sterilizing  substance.  For  a  single  treatment  of  the  nursery  there 
were  expended  5  kg  of  bait.  As  a  result  the  number  of  viable  eggs 
laid  by  flies  decreased  by  10  times.  A  further  decrease  was  not 
observed.  After  cessation  of  the  treatment  the  number  of  eggs 
normalized  after  5  days. 

Among  other  compounds  the  most  effective  at  concentrations  of 
5-0.1*  were  3  preparation:  p,p-bl8(l-azlrldlnyl)-N-(p-methoxyphenyl)- 
phosphlne  amide;  5-fluoro-orotlc  acid  and  1,4-plperazlne  dl-or 
bls-[bl8-(l-azlrldlnyl)]-phosphlne  oxide.  During  a  study  of  chemlco- 
sterlllzers  on  flies  (Musca  domestlca,  Stomoxys  Calcltrans  and 
others)  It  was  established  th'.t  chemlcosterlllzers  possess  specific 
specificity.  The  ease  of  penetration  and  the  Internal  transmission 
these  compounds  to  the  place  of  their  action  can  vary  from  one  species 
to  another  and,  possibly.  In  this  Is  contained  the  essence  of  the 
specific  specificity  of  the  majority  of  chemlcosterlllzers.  The 
question  of  sexual  specificity  Is  more  complicated.  Azlrldlnes  can 
cause  sterility  In  males  and  females,  whereas  many  other  compounds 
Including  5-fluorouracll,  amlnopterln,  methotrexate  are  sterilizers 
for  females  (Inhibitors  of  ovlposltlon).  Apholate,  aphoxlde  (tepa) 
and  methyotep  without  difficulty  cause  sterility  In  males  and 
females  of  stable  files  with  the  topical  application  of  1  pg  per 
fiy,  and  when  onl>  sex  Is  treated,  then  higher  doses  are  required. 

Apholate  aphoxlde  and  methyotep  are  effective  In  sterilizing 
gadflies.  In  using  Ardes  and  Anopheles  mosquito  larvae  and  Imagoes 
aphoxlde  completely  sterilized  the  males  and  almost  all  of  the  female^s 
with  the  presence  of  10  parts  of  the  preparation  per  1,000,000  parts 
water;  apholate  In  this  dose  was  not  so  effective  with  respect  to 
Aedes  mosqujtoes. 
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In  working  with  Anopheles  It  was  established  that  500  mg/m 
of  aphoxlde  and  methyotep  provided  complete  sterility  of  the  males 
and  females;  practically  no  larvae  appeared.  The  sperm  In  the 
spermrecelvers  of  treated  Aedes  aegyptl  females  was  numerous  and 
mobile  for  6  weeks  after  the  effect  of  Thlo-Tepa.  On  the  15-th 
day  after  treatment  the  males  were  mated  with  the  females,  however 
the  later  laid  nonvlable  eggs.  Later  the  males  partially  recovered 
the  ability  to  fertilize.  The  Investigations  of  Altman  showed  that 
the  development  of  Plasmodium  galelnaceum  In  Its  carrier  Aedes 
aegyptl  was  reduced  as  a  result  of  the  effect  of  TEPA.  Burden, 

Smltt  conducted  two  series  of  laboratory  experiments  with  common 
cockroaches  for  an  appraisal  of  12  chemlcosterlllzlng  compounds.  In 
the  first  aeries  Into  the  feed  of  second-stage  numphs  there  was 
Introduced  0.05-0.5)^  chemlcosterlllzers  and  their  toxicity  and 
effect  on  the  development  of  numphs  was  determined.  In  the  second 
series  of  experiments  they  determined  the  sterilizing  effect  on 
cockroach  nymphs:  of  IJC  apholate.  If  methylapholate,  0.25,  0.5  and 
1%  aphoxlde,  0.25  and  0.5!t  raethyotepa.  For  each  25  treated  males 
or  fijmales  there  were  25  treated  or  untreated  Individuals  of  the 
other  sex.  The  most  effective  was  aphoxlde:  sterility  In  males 
was  attained  with  a  concentration  in  the  feed  of  O.IX,  and  In  the 
females  of  0.251.  Apholate  at  a  IX  concentration  sterilized  only 
the  males;  when  fed  to  females  there  was  caused  only  the  deformation 
of  a  part  of  the  ootheca  and  the  nonvlablllty  of  part  of  the  eggs. 
Only  with  the  feeding  both  to  males,  and  also  to  females  of  IX 
methylapholate  was  complete  sterility  attained:  the  feeding  of 
methylapholate  only  to  males  or  only  to  females  caused  only  partial 
sterility.  The  feeding  to  males  and  to  females  of  2X  aphoxlde 
caused  complete  sterility,  but  It  was  accompanied  by  considerable 
mortality  among  the  Insects.  Aphoxlde  and  apholate  are  very  toxic 
cotn;.ounds.  The  toxicity  of  apholate  when  orally  administered  or 
injected  Into  man  and  laboratory  animals  occurs  with  0.5-75  mg/kg; 

It  can  be  absorbed  through  the  skin.  For  rats  LD^q  Is  30  mg/kg. 

This  compound  Is  considered  toxic  because  It  Injures  the  Issues 
of  the  organs  of  reproduction  and  the  bone  marrow.  Aphoxlde  when 
used  In  cancer  therapy  at  a  rate  of  1.6  mg/kg  sometimes  causes  the 
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death  of  patients.  Its  methyl  analog  [trlst(2-methyl-l-azlrldlnyl} ] 
phosphine  oxide,  methaphoxlde  or  methyo-TEPA  causes  the  death  of 
mice  when  100  mg/kg  ar }  administered.  Besides  the  enumerated 
preparations  attempts  were  done  to  use  natural  substances  given  off 
by  Insects;  It  has  been  established  that  a  queen  bee  exudes  a  compound, 
suppressing  the  development  of  ovaries  In  worker  bees.  At  present 
time  this  substance  has  been  synthesized  (9'0xodec-trans-2-enoic 
acid).  When  administered  to  house  files  this  preparation  suppresses 
the  development  of  ovaries  in  as  yet  unhatched  Insects.  Among 
analogous  methods  and  agents  for  destroying  Insects  there  Is  also 
the  use  of  preparations,  disturbing  certain  biological  and  physiologic 
functions,  for  example  the  loss  of  the  ability  of  insects  to  diapause, 
the  loss  of  the  ability  to  fly  (in  flying  Insects),  disturbance  In 
the  prelmaginal  stage  of  development,  the  loss  of  the  ability  to 
fasten  eggs  to  the  fur  of  animals  or  to  vegetation  or  to  ooher 
objects;  there  also  belongs  here  the  inhibition  of  the  growth  of 
larvae,  the  deformation  of  their  oral  organs,  the  incapability  to 
form  the  pupa  or  to  delay  the  emergence  of  the  imago  from  it. 

For  bringing  about  sterilization  In  insects  other  methods  have 
been  proposed:  some  of  them  consist  In  the  breeding  of  females  not 
able  to  mate,  others  -  in  the  fastening  to  the  abdomen  of  females 
of  small  pads  Impregnated  with  chemicosterlllzlng  substances;  males 
In  attempting  to  mate  with  such  a  female  are  sterilized;  each  female 
can  sterilize  a  large  number  of  males. 

The  chemical  sterilizing  agents,  obviously,  exceed  sterilization 
with  Ionizing  radiation  (gamma-lrradlatlon)  in  importance.  Similar 
methods  will  possibly  find  application  In  the  future.  The  combination 
of  contact,  l.ntestlnal  and  other  Insecticides  with  sterilizing 
preparations  or  preparations  disturbing  the  normal  development  of 
Insects  will  absolutely  Increase  the  effectiveness  of  the  chemical 
method  of  combatting  arthropods. 

Chemical  sterilizing  compounds  are  highly  toxic  and  dangerous 
for  man  and  animals;  they  change  the  organization  of  the  nucleic 
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acid  In  the  chromosomes  (this  la  the  effect  they  have  on  insects). 
The  use  of  chemlcosterlllzlng  substances  on  a  broad  scale  depends 
to  a  considerable  degree  on  whether  effective  methods  of  their 
applications  can  be  found  eliminating  the  danger  to  man  and  other 
animals. 

Because  of  this  it  la  necessary  to  continue  the  search  for  new 
"sterilizers"  safe  for  man;  these  should  not  be  substances  altering 
the  metabolism  of  nucleic  acids  (DNA),  since  they  are  similar  for 
all  living  things.  Possibly,  a  preparation  having  a  specific 
effect  only  on  Insects  will  be  discovered. 

Data  are  available  about  the  fact  that  the  cross  mating  of 
certain  species  of  Insects  lead  to  the  obtaining  In  reproduction  of 
90-95?  males,  the  greater  part  of  which  Is  sterile. 

By  genetically  altering  Insects  It  may  be  possible  to  give 
to  certain  species  such  peculiarities,  as  the  preferable  selection 
of  a  ho'-t;  food  preferences,  a  change  In  the  degree  of  endophllla, 
sensitivity  to  Insecticides  and  ability  to  transmit  Insect  diseases. 
The  use  of  genetic  mechanisms  for  destroying  harmful  Insects, 
especially  those  having  medical  significance  is  of  great  Interest. 
Methods  of  genetic  control  can  be  used  for  breeding  new  genetic 
species  or  variants  of  species  harmless  to  man  but  having  the  same 
ecological  peculiarities,  which  before  thl«»  destroyed  harmful 
Insects;  thus,  a  site  Is  populated  by  stronger  Insects,  which 
protect  it  from  repeated  settlement  by  harmful  Insects. 

The  cumulative  volume  of  knowledge  about  the  genes  of  Insects 
indicates  the  direction  for  further  investigations  for  the  purpose 
of  developing  new  methods  of  biological  control. 
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CHAPTER  XVIII 

MECHANICAL  AND  COMBINED  METHODS  AND  MEANS 
FOR  DESTROYING  INSECTS 


In  combatting  Insects  various  methods  are  used;  the  basic  ones 
are  mechanical,  physical,  chemical,  biological  and  combined  methods. 
All  these  methods  are  finding  broad  application.  Their  specific 
lmpo*'tance  depends  on  the  time,  place  and  purpose,  for  which  the 
disinfestation  Is  being  conducted. 


In  dislnfestatlonal  practice  there  is  frequently  employed  a 
combined  method  of  controlling  insects,  which  Inflict  certain  harm 
on  man.  By  the  combined  method  Is  understood  the  simultaneous 
application  of  several  methods,  for  example  mechanical,  physical 
and  chemical;  physical  and  chemical  or  mechanical  and  physical 
application  of  repellents  and  attractants.  Also  employed  are  mixtures 
of  certain  Insecticides  with  others  or  a  mixture  of  Insecticides 
with  fungicides  (In  agricultural  practice).  Mixtures  are  used 
whlcn  act  on  Insects  simultaneously  both  as  contact  (through  the 
Integuments)  and  as  Intestinal  poison,  and  as  fumigants  (through 
the  respiratory  tracts).  Mixtures  are  also  used,  which  possess 
bactericidal  and  Insecticide,  deratlzatlonal  and  dislnfestatlonal 
properties. 


In  sanitary  practice  the  method  of  the  combined  effect  of 
Increased  temperatui*e  (52-62")  and  a  chemical  preparation  (formalin) 

Is  finding  application. 

O 
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rhe  bath-laundry  tresicment  has  also  been  investigated  as  a 
combined  method,  inasmuch  as  it  Includes  simultaneously  the  treatment 
of  the  body  surface  (washing)  and  the  treatment  of  clothing  and  linen 
(disinfection,  disinfestation,  washing).  The  bath-laundry  method 
in  sanitary  practice  is  the  basic  measure  in  combatting  lice  as 
carriers  of  infectious  diseases.  There,  where  people  frequently 
bathe,  launder  their  linen  and  keep  their  clothes  in  order,  there 
are  no  conditions  for  the  appearance  of  lice,  scabes,  certain  skin 
diseases  and  parasitic  diseases  transmitted  by  lice.  Such  a  rule 
of  personal  hygiene,  as  the  systematic  washing  of  the  whole  body  in 
a  bath  and  the  changing  of  linen  not  less  than  once  in  7-10  days  with 
its  subsequent  laundering  has  basic  Importance  in  the  prophylaxis 
of  pediculosis;  the  maintenance  of  cleanliness  of  beds,  mattresses 
and  other  bed  arpur ; enances  is  Important  in  preventing  the  reproduction 
of  bugs. 

The  mechanical  method  of  combatting  Insects  has  not  as  yet  lost 
its  importance,  in  spite  of  the  existence  of  very  effective  insecti¬ 
cides.  Beating,  shaking  out,  laundering,  cl  anlng  with  brushes, 
removal  of  dust,  rubbish  and  similar  other  measures  are  widespread 
in  everyday  life.  The  observance  of  the  rules  of  personal  hygiene, 
of  hygiene  in  dwellings,  the  observance  of  the  rules  of  the  collection, 
storage  and  removal  of  liquid  and  solid  waste  material,  the  maintenance 
of  cleanliness  of  animals  located  in  living  quarters  deprives 
arthropods  (lice,  fleas,  bugs,  cockroaches,  moths,  flies,  ticks)  of 
the  conditions  necessary  for  their  reproduction.  However  the 
application  of  mechanical  methods  of  combatting  Insects  with  the 
exclusion  of  other  measures  sometimes  does  not  achieve  this  goal. 

Thus,  for  example,  the  beating  of  upholstered  furniture.  Infested 
with  moths  does  not  yield  positive  results,  because  the  larvae 
of  the  moths  are  usually  located  under  the  upholstery  of  the  furniture, 
where  the  moth  oviposits. 

Of  great  prophylactic  importance  is  the  good  sanitary  condition 
of  the  means  of  transportation  -  steamboats,  aircraft,  railroad  oars, 
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subway,  streetcars,  busses,  trolley  busses  and  other  forms  of 
transport  Intended  for  the  mass  transportation  of  people,  various 
cargoes  and  goods. 

Various  screens  are  widely  used.  Thus,  for  example,  protection 

from  flying  Insects  Is  achieved  by  the  screening  of  doors,  windows 

and  air  vents  with  metal  screens.  To  prevent  the  Infestation  of 

2 

gnats  screens  with  a  mesh  of  0.75  mm  are  used,  of  files  and  mosqultoe 
2 

1.5<-2  mm  ;  In  the  absence  of  metal  screens  gause  or  screens  of 
synthetic  fabrics  are  used. 

Adhesive  (fly)  paper  and  fly  traps  In  dwellings  and  outside, 
are  employed  to  catch  winged  files;  for  catching  cockroaches 
various  traps  are  used. 

To  protect  dwellings  from  the  Infestation  of  files  through 
doors  strong  air  blasts  are  used.  Thus,  for  example,  for  the  purpose 
of  preventing  the  Infiltration  of  files  from  an  Insectarlum  Into 
other  premises  It  Is  recommended  that  the  door  of  the  Insectarlum 
be  equipped  with  a  device,  which  when  It  Is  automatically  opened 
would  produce  a  vertical  air  blast  with  a  speed  of  500  m/mln.  Further¬ 
more,  the  walls,  and  also  as  far  as  possible  the  celling  and  floor, 
and  electric  wiring  should  be  made  from  materials  with  a  smooth  and 
brilliant  surface. 


C  H  A  P  1  E  R  XIX 

THE  PHYSICAL  METHOD  AND  MEANS  OP  DISINFESTATION 

For  destroying  Insects  with  physical  methods  and  means  there 
are  employed  high  temperature,  fire,  hot,  dry  and  humid  air;  also 
resorted  to  are  scalding  with  hot  water,  the  use  of  steam,  cold. 
Ionizing  radiation  and  others. 

Fire.  It  Is  used  to  burn  valueless  objects  Infested  with 
Insects.  Thus,  for  example,  old  wallpaper  which  has  been  stripped 
from  walls  and  which  Is  contaminated  with  Insects  Is  burned,  also 
old  furniture  contaminated  with  bugs  and  unfit  for  further  use  and 
rubbish  are  burned.  Files  and  mosquitoes  swept  up  during  hibernation 
are  burned,  and  also  after  treating  premises  with  the  preparations 
DDT,  hexachlorane,  pyrethrum  and  especially  with  aerosols  of  these 
preparations.  Places  Infested  with  Insects  are  also  burned  out  with 
fire.  Thus,  for  example,  for  burning  sites  of  bug  reproduction 
a  blow  torch  (^<00-600®)  Is  used,  using  It  only  on  such  objects, 
which  are  not  spoiled  by  this,  for  example  Iron  beds,  kitchen  ranges, 
stone  walls.  In  destroying  Insects  with  the  flame  of  a  blow  torch 
at  first  one  should  rapidly  burn  the  surface  being  treated,  trying 
only  to  burn  the  Insects  and  thus  to  render  them  Immobile.  Then 
the  same  surfaces  are  treated  repeatedly,  thoroughly  burning  them 
for  the  purpose  of  destroying  the  eggs  and  the  Insects.  Even  with 
such  a  method  of  treatment  It  Is  very  difficult  to  attain  destruction 
of  all  the  Insects,  since  some  of  them  manage  to  conceal  themselves 
In  places  Inaccessible  to  the  flame  of  the  blow  torch. 
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Thus,  the  effectiveness  of  this  method  Is  low.  Inasmuch  as  with 
It,  It  Is  Impossible  to  treat  all  places  of  Insect  reproduction  In 
premises.  Vrhen  fire  Is  used  the  reservoir  of  the  blow  torch  should 
not  be  more  t^han  2/3  filled  with  kerosene  and  It  Is  necessary  to 
observe  the  rules  of  fire  safety.  When  carrying  out  this  procedure 
one  should  beforehand  remove  all  objects,  which  can  catch  fire,  and 
prepare  a  bucket  df  water;  the  worker's  clothing  should  not  be 
contaminated  with  gasoline,  kerosene  or  other  Inflammable  substances. 

The  burning  of  Insects  previously  found  broader  application 
than  at  the  present  time.  At  present  Instead  of  burning  Insects 
It  Is  recommended  that  cracks  and  the  surfaces  around  them  be  treated 
with  Insecticides  —  DDT,  hexachlorane,  chlorophos  and  others,  which 
possess  prolonged  residual  action  (from  2  to  6  months). 

Hot  air.  Thermal  death  occurs  for  the  majority  of  Insects  at 
a  temperature  of  between  39  and  5^®.  The  maxi:  temperature  which 

can  be  endured  by  Insects  Is  probably  somewhat  higher  than  63®. 

The  humidity  has  a  great  Influence  on  the  degree  of  tolerance  of 
an  Insect  to  high  temperature.  Usually  In  dry  air  Insects  have 
little  resistance  to  high  temperature  (Table  32). 


Table  32.  The  thermal  death  point  of  certain 
species  of  Insects  (according  to  Knlpllng). 
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As  a  result  of  the  effect  of  high  temperature  Insects  manifest 
local  or  general  burns,  thermal  torpor  or  thermal  stiffening,  death. 


A  temperature  of  50®  and  above  acts  lethally  on  Insects,  and 
therefore  hot  air  finds  broad  application  In  destroying  lice  In  linen, 
bed  appurtenances,  under  clothing  and  outer  clothing.  For  the 
purpose  of  disinfestation  a  hot  Iron  Is  also  used,  since  the  Ironing 
of  linen  kills  lice  and  the  majority  of  nits.  When  dlslnfestatlng 
clothes  with  an  Iron  one  should  very  thoroughly  Iron  the  pleats  and 
seams  ("Lice  and  their  control”). 


Dry  hot  air  can  also  be  used  to  destroy  bugs  In  furniture, 
which  Is  not  damaged  by  the  effect  of  high  temperature.  In 
commercial  organizations  hot  air  Is  used  to  dlslnfestate  packing 
and  sacs. 


For  the  disinfestation  of  upholstered  articles  dlslnfestatlonal 
chambers  are  widely  used.  The  latter  are  apparatuses  or  specially 
bullc  structures.  In  which  with  the  help  of  physical,  chemical 
or  simultaneously  of  those  and  other  means  the  disinfestation  of 
various  objects  Is  conducted.  Dlslnfestatlonal  chambers  are  designed 
for  the  disinfestation  of  clothes,  bed  appurtenances;  they  are  used 
for  the  disinfection  of  wool,  bristle,  utility  scrap,  books  and  other 
objects,  which  It  would  be  difficult  to  decontaminate  by  other 
methods . 


These  chambers  are  available  In  medical-prophylactic  and 
sanltary-antlepudemlc  establishments,  at  sanitary  stations,  dormitories, 
and  Industrial  enterprises  having  contact  with  contaminated  material. 

A  dlslnfectlonal  chamber  consists  of  a  chamber.  In  which  things 
are  loaded,  a  source  of  heat  (a  steam  boiler,  a  fire  or  gas  furnace, 
an  electroair  heater),  control-measuring  Instruments,  equipment  for 
the  Introduction  of  chemical  disinfecting  agents  (Injector,  evaporator), 
attachments  for  ventilation  (a  steam  ejector,  fan). 


According  to  their  purpose  chambers  are  divided  Into  dlslnfectlonal 
and  dlslnfestatlonal.  Depending  upon  the  active  agent  utilized  In 
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the  chamber  the  following  types  of  chambers  are  distinguished: 
steam,  steam- formalin,  vacuumrsteam- formalin,  hot-air  and  gas  chambers 

For  the  disirfe?tatlon  of  articles  with  hot  air  Industry  Is 
turning  out  special  chambers.  In  such  chambers  there  Is  carried  out 
the  disinfestation  of  various  articles  of  wearing  apparel.  Including 
leather  and  fur,  bed  appurtenances,  carpets  and  other  upholstered 
Inventory  with  hot  dry  air. 

The  heating  of  the  air  In  the  chambers  Is  carried  out  with  Iron 
or  brick  furnaces,  batteries,  slectroair  heaters  and  others.  The 
sources  of  heat  can  be  wood,  gas,  electricity. 

The  hot-air  chambers  are  stationary  and  portable.  In  the 
chamber  there  Is  a  control  thermometer  and  tributary-exhaust  venti¬ 
lation  In  the  form  of  holes  in  the  lower  and  upper  part  of  the 
chamber,  which  open  with  the  help  of  a  damper  and  close  when  necessary. 

The  articles  subject  ♦‘o  disinfestation  are  thoroughly  examined; 
all  inflammable  objects  (match,  combs,  cartridges,  articles  of 
celluloid)  are  removed. 

Upon  completion  of  the  loading  of  the  chamber  the  disinfector 
carries  out  disinfestation  of  the  floor  of  the  loading  section, 
takes  off  the  robe,  loads  It  Into  the  chamber  and  proceeds  to  work 
in  the  clean  half  of  the  chamber. 

The  active  agent  In  disinfestation  accordj.ng  to  steam-formalin 
method  Is  a  steam-air  mixture  In  combination  with  formaldehyde  at 
a  temperature  of  from  ^2  to  59®  (according  to  an  outside  thermometer). 
The  active  agent  In  disinfestation  by  the  stearo-alr  method  Is  moistened 
hot  air  (a  steam-air  mixture).  Disinfestation  Is  conducted  at  a 
temperature  of  49-57®  and  80**.  Disinfestation  of  cotton  and  wool 
articles  Is  carried  out  with  a  steam-air  mixture  at  a  temperature 
of  80-90®,  leather  and  fur  articles  -  at  49-51®  and  57-59®  (Table 
33). 


Table  33.  Time  and  temperature  for  disinfestation  of  articles  In  a  steam-air 
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After  termination  of  the  dlslni'eatatlon  the  valve  for  letting 
the  steam  into  the  chamber  is  closed;  It  is  ventilated  for  10-15 
minutes  and  then  ^he  articles  are  unloaded. 

The  capacity  of  the  chamber  is  determined  by  the  number  of 
sets  of  clothing  loaded  (the  average  weight  of  a  set  is  6  kg). 

It  is  not  recommended  that  a  chambei;  be  built  with  a  capacity  of 
more  than  10-12  m^.  If  a  chamber  with  a  capacity  of  more  than 
10  m^  is  required,  then  several  chambers  are  set  up,  the  overall 
capacity  of  which  should  correspond  to  need. 

Humid  hot  air  has  broad  application  in  disinfection  and 
Insignificant  application  in  disinfestation.  Although  humid  hot 
air  penetrated  more  rapidly  into  the  depth  of  articles,  in 
disinfestation  it  is  Inferior  to  dry  hot  air,  Inasmuch  as  Insects 
under  the  Influence  of  humid  hot  air  die  more  slowly  than  under  the 
effect  of  hot  dry  air. 

The  disinfestation  of  wearing  apparel  can  be  successfully 

carried  out  in  steam  chambers  at  100*^,  with  an  exposure  of  5  minutes 

2 

and  a  loading  10-12  sets  per  m  effective  chamber  area.  Bed  appur- 

■3 

tenances  at  a  rate  of  50  kg/m-*  in  such  chambers  can  also  be  subjected 
to  disinfestation  at  a  temperature  of  104-111”  with  an  exposure 
of  10  minutes. 

Boiling.  Hot  water  and  steam  are  used  to  destroy  lice  and 
nits  in  linen,  Inasmuch  with  the  application  of  boiling  water  under 
the  condition  of  complete  submersion  in  it  of  the  articles  for  15 
minutes  Insects  and  eggs  perish.  The  boiling  is  carried  out  in 
vessels  suitable  for  this,  and  also  in  dlslnfectlonal,  steeping 
vats. 

Hot  water  scalding  is  finding  application  for  the  destruction 
of  bugs  in  mattresses,  boards,  beds  (metallic  and  wooden),  unpolished 
furniture  and  for  baseboards.  Bolling  water  is  also  used  for 
scalding  cockroach  ’  tg  sites.  However  by  scalding  alone  it  is 


difficult  to  achieve  the  complete  liberation  of  dwellings  from 
Insects,  Inasmuch  as  It  causes  damage  and  discoloration  of  fabric. 

Due  to  this  the  treatment  of  articles  for  Insects  Is  usually  not 

/ 

carried  out  In  steam  chambers  and  for  disinfestation  dry-heat  chambei^s 
are  used. 


For  treating  bug  nesting  sites  special  hand  apparatuses  are 
used  -  bug-killers,  the  action  of  which  Is  based  on  the  use  of 
steam. 

Steam  obtained  from  high  pressure  boilers  Is  used  for  the 
disinfestation  of  freight  cars.  The  method  consists  In  the  fact 
that  a  railroad  car  Is  first  cleaned  of  mud  and  rubbish,  but  then 
washed  with  a  steain  Jet,  yielding  upon  condensation  a  considerable 
amount  of  hot  water.  Such  an  application  of  steam  for  treating 
railroad  cars  In  a  course  of  15  minutes  Is  considered  one  of  the 
most  effective  methods  of  getting  rid  of  Insects  and  pests, 
especially  from  barns. 

Low  temperatures.  Insects  are  resistant  to  cold.  Many 
Insects  having  significance  both  for  agriculture  and  also  for  public 
health,  die  within  an  hour  at  a  temperature  of  from  -15  to  -30®; 
house  flies  and  mosquitoes  transmitting  yellow  fever  die  after 
30  minutes  or  somewhat  longer  at  -20®  (Table  3^). 


Table  3^.  Mortality  rate  (in  percents)  of  certain  Insects  after  2^ 
hours  which  have  been  subjected  to  low  temperatures  for  an  hour 
(according  to  Knlpllng  and  Sullivan). 


Species  of  Insects 

Stage 
of  de- 

Mortality  rate  {%)  at 

velonment 

0® 

BOi 

-10® 

■sai 

1 

IVJ 

o 

o 

-30** 

Mosquito  Aedes  aegyptl 

Imagoes 

62 

99 

100 

— 

100 

100 

Oriental  cockroach 

Nymphs 

2 

71 

98 

100 

100 

100 

House  fly 

Imagoes 

4 

41 

88 

100 

100 

100 

Dog  ticks 

n 

0 

26 

48 

100 

88 

100 

Note.  The  flies,  mosquitoes  and  cockroaches  were  maintained 
and  raised  at  27®* 
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Short-term  cooling  to  0®  and  -8®  does  not  cause  the  complete 
death  of  many  Insects  (bugs,  lice,  mosquitoes  and  others),  but 
causes  In  them  a  state  of  rigidity  the  onset  of  which  can  be 
observed  during  temperature  fluctuations  within  the  broad  limits 
of  from  +10.5®  (flies)  to  0®  and  considerably  lower  (mosquitoes, 
bugs).  The  majority  of  Insects  dies  upon  the  freezing  of  the 
tissues  of  the  organism.  The  direct  cause  of  their  death  can 
be  dehydration  of  the  tissues  or  mechanical  damage  to  the  cells 
with  the  formation  of  lee  crystals.  The  latter  theory  at  the 
present  time  Is  rejected  by  many. 

Under  the  Influence  of  cold  In  the  Insect  the  movement  of 
hemolymph  ceases  and  the  vital  processes  almost  stop.  Tne  Insect 
falls  Into  a  state  between  life  and  death.  Into  a  so-called  state 
of  anabiosis  (Qreek  work  anabiosis),  when  the  maximum  cessation  of 
'ital  activity  occurs  with  Its  possible  subsequent  restoration. 

The  main  factor  bringing  about  anabiosis  la  the  removal  of  water 
from  protoplasm  by  freezing;  or  by  drying  at  a  high  temperature 
or  by  an  Increase  In  the  concentration  of  salts. 

When  placed  under  favorable  conditions  Insects  located  In  a 
state  of  anabiosis,  revive.  Thus,  for  example,  some  mosquito 
larvae  revive  after  being  for  several  hours  at  a  temperature  of 
-10®  (V.  N.  Beklemishev). 

The  onset  of  permanent  rigidity  In  different  insects  occurs 
under  conditions  of  different  periods  of  time  (Table  35). 


Table  35*  Mortality  rate  (In  percents)  within 
24  hours  of  the  Imagoes  of  house  flies  and 
mosquitoes  after  being  kept  at  -20®  for  various 
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Cold  within  known  limits  does  not  cause  the  death  of  insects, 
but  only  has  an  effect  on  the  speed  of  development  of  their  individual 
stages.  Cold  is  sometimes  applied  for  the  temporary  cessation  of 
vital  activity  of  Insects  and  for  bringing  them  to  a  state  of 
anabiosis.  For  these  purposes  low  temperatures  are  recommended  for 
the  storage  of  pelts,  furs,  carpets,  leather  and  grain.  Insects 
poorly  endure  repeated,  consecutive,  sharp  temperature  transitions 
from  low  to  high  and  back;  in  a  number  of  cases  to  this  has  been 
used  to  destroy  both  adult  Insects,  and  also  insects  in  the  preimaglnal 
stage . 

Electric  currents  and  currents  of  high  frequency. ^  Electricity 
in  dlsinfestatlonal  practice  has  not  found  broad  application  because 
of  complexity  and  economic  inefficiency,  although  there  are  source 
materials  showing  that  Insects  can  be  killed  by  the  application  of 
electrical  current  (electric  fly  traps). 

The  effect  of  high  frequency  currents  on  insects  has  as  yet 
been  insufficiently  studied.  Oscillations  of  high  frequency 
currents  can  be  obtained  from  special  apparatuses,  a  description 
of  which  we  will  not  dwell  on  here.  According  to  0.  A.  Nlkhel'son 
and  A.  N.  Karaseva,  with  ar.  electric  current  voltage  up  to  5600  V, 
with  a  width  of  the  capacitor  place  of  IOO-I85  mm  and  with  a  distance 
between  them  of  36  mm  the  death  of  lice  and  their  eggs  occurs 
Within  20  seconds,  and  with  a  distance  between  the  plates  of 
150  mm  and  with  a  width  of  the  plates  themselves  at  20C-220  mm  the 
death  of  lice  and  nits  occurs  within  60  seconds.  On  moistened  objects 
lice  and  nits  die  2  times  faster  than  on  dry  objects. 

Clothes  not  containing  metal  buttons  and  hooks,  subjected  to 
multiple  disinfestation  with  a  high-frequency  field  do  not  change 


^Currents  of  high  frequency  are  currents  with  a  period  of 

oscillation  per  second  of  from  3*10^  to  3*10^^,  i.e.,  currents 
with  a  frequency  of  pulsation  of  from  3  MHs/s  to  30  OHs/s.  As  is 
known,  the  electrical  current  utilised  for  the  purpose  of  illumination 
has  50  periods  (oscillations  per  minute). 
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thel*  qualities.  In  places  where  metallic  clasps  are  attached 
clothes  burns.  For  the  disinfestation  of  a  cotton  Jacket  90 
seconds  are  necessary. 

The  effect  of  high  frequency  curren's  on  pests  of  flour  and 
grain  was  studied.  Contaminated  materials  on  a  transporter  were 
passed  between  the  electrodes  of  a  current  generator  (frequency 

c 

10  ).  With  an  increase  of  the  temperature  of  the  flour  to  100-125° 
death  of  the  pests  was  observed  at  all  stages  of  development  within 
10  seconds  and  fungi  spores  died.  The  treatment  does  not  affect 
the  flavoring (  food  and  vitamin  properties  of  the  flour.  The 
application  of  this  method  against  pests  of  wood  Is  also  possible. 

Ultrasonics.  Sound  vibrations  with  frequencies  of  50  kHz 
destroy  almost  50S  of  the  caterpillars  of  the  cornborer.  Ultrasonics 
similar  to  the  sounds  emitted  by  bats  repel  the  caterpillars  of  the 
cornborer.  Attempts  were  made  to  destroy  mosquito  larvae  by  submerging 
them  In  the  water  of  an  ultrasonic  generator.  After  15-20  seconds 
of  ultrasonic  action  (500,000  oscillations  per  second)  the  eggs 
of  Aedes  aegyptl  mosquitoes  In  the  water  did  not  manifest  any 
acceleration  In  larvae  hatching,  and  with  a  30-second  exposure 
larvae  hatching  decreases;  decreased  hatching  Is  preserved  for 
20  days. 

Mosquito  larvae  can  be  killed  In  water  by  ultrasonics  at 
40,000  cycles  per  second.  Death  Is  due  to  the  rupture  of  trachea 
caused  by  the  rapid  expansion  of  the  air  contained  In  It.  Mature 
larvae  and  pupae  are  more  resistant  than  young  larvae.  With  the 
use  of  ultrasonics  other  water  organisms  also  die,  which  contain 
air  Inside  their  body. 

Microwaves  -  radio  waves  -  the  Indestlnctly  limited  region 
of  electromagnetic  waves.  In  literature  this  term  Is  used  to 
designate  decimeter,  millimeter  waves  or  superhlgh  frequency  or 
very  short  waves.  We  could  not  find  data  about  the  effect  of 
microwaves  on  human  parasites  and  pests  of  his  dwellings,  therefore 


we  cite  information  about  their  effect  on  grain  pests.  In  particular 
with  respect  to  the  destruction  of  Insects  which  are  harmful  to 
wheat . 

Wheat  and  flour  are  good  absorbents  of  microwave  energy,  and 
the  selective  heating  of  wheat  or  flour  or  insects  contaminating 
them  Is  not  noted^  Because  of  this.  In  order  to  achieve  the  death 
of  Insects,  It  Is  necessary  to  heat  the  whole  mass  of  wheat  or 
flour  to  a  temperature  lethal  to  the  Insects,  used  as  test-insects. 

At  a  temperature  of  92®  and  an  exposure  of  21  seconds  complete 
destruction  of  the  pests  of  flour  was  attained,  but  in  a  week  from 
23)*  of  the  Insect  eggs  larvae  hatched.  Increasing  the  temperature 
to  99®  and  with  the  same  exposure  larvae  hatched  from  2%  of  the 
eggs  after  a  week.  A  temperature  of  100,5®  with  an  exposure  of 
l8  minutes  was  lethal  for  lOOf  of  the  flour  beetle  larvae. 

Ionizing  radiation.  Under  the  effect  of  large  doses  of  Ionizing 
radiation  all  Insects  and  their  eggs  located  on  various  objects 
including  those  In  both  packed  and  unpacked  food  goods  died.  Their, 
effect  did  not  prevent  reinfection.  With  this  method  of  treatment 
there  were  no  viable  remainders,  from  which  resistant  strains  of 
Insects  could  appear.  In  order  to  bring  about  the  effect  on  objects 
containing  Insects  beta  and  gamma  radiation  were  used. 

Beta  radiation  consists  of  particles  or  electrons.  Gamma 
radiation  Is  a  form  of  pure  energy.  Gamma  radiation  within  the 
limits  of  20,000  R  sterilizes  adult  grain  weevils;  doses  of  less 
than  6000  R  inhibit  the  development  of  hide  beetles.  Irradiation 
at  any  stage  of  development  with  doses  of  5000,  8000,  and  12,000  R 
sterilizes  almost  all  beetles  —  food  pests.  In  order  to  disinfect 
grain  goods  In  a  granary  8000  R  Ir.  sufficient. 

With  the  effect  of  gamma  rays  (radioactive  cobalt)  on  Insects 
In  various  phases  of  development  their  death  was  observed.  For 
adult  Insects  (females)  the  following  doses  of  gamma  rays  were 
found  to  kill  50%  of  them:  for  the  American  cockroach  48,000  R, 


for  the  common  cockjroach  72,000  R,  for  the  house  fly  110,000  R, 
for  the  bed  bug  150,000  R,  for  clothes  Itce  170,000-180,000  R, 
for  the  red  house  ant  190,000  R.  Complete  destruction  of  Insects 
at  various  phases  occurred  from  doses,  which  exceeded  the  LD^q 
by  approximately  times.  Males  and  females,  as  a  rule,  did  not 
differ  In  resistance;  an  exception  was  house  files,  the  males  of 
which  were  1^  times  less  resistant  In  comparison  with  the  females. 

Between  the  weight  of  Insects  .and  the  doses  of  radiation  an 
inverse  relationship  was  establlshec.  The  eggs  of  house  files  had 
hardly  any  resistance  to  gamma  rays;  the  was  equal  to  130  K. 
House  files  which  were  resistant  and  sensitive  to  DDT  did  not  differ 
from  each  other  In  their  resistance  to  gamma  rays. 

A  study  In  the  United  States  of  the  toxicity  to  animals  of 
products,  subjected  to  the  effect  of  Ionizing  radiation,  showed 
that  the  feeding  of  food  Irradiated  with  Ionizing  radiation  to 
about  300,000  rats,  mice,  dogs,  apes,  chicks,  and  a  certain  number 
of  people  did  not  have  a  harmful  effect  on  their  health.  Supply 
control  of  the  United  States  Array  proposed  in  1962  to  use  Irradiated 
bacon  to  be  fed  to  soldiers  (bacon  was  the  first  food  product, 
which  was  permitted  for  consumption  In  the  United  States). 

Thus,  the  control  Insects  with  gamma-radlatlon  Is  a  technically 
feasible  process,  but  It  Is  still  vague,  whether  It  Is  desirable 
to  use  It  because  of  the  danger  of  working  with  radioactive  Isotopes. 
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CHAPTER  XX 


FLEAS  AND  THEIR  CONTROL 


Fleas  belong  to  the  Insecta  class  of  insects,  order  Aphaniptera 
or  Suctorla, 


On  the  earth  about  1050  species  of  fleas  have  been  counted.  In 
the  USSR  334  species  of  fleas  have  been  registered.  Thus,  the  flea 
fauna  of  the  USSR  is  very  diverse  (two  subfamilies,  six  families,  and 
genera) . 

All  species  of  fleas  are  bloodsucking  parasites  of  warmblooded 
animals,  birds,  and  man  (V.  Ye.  Tlflov).  The  usual  dimensions  of  a 
flea  are  from  1  to  5  nimj  females  are  larger  than  males j  wings  are 
absent.  Their  color  varies  from  straw  yellow  to  dark  browri.  The  flea 
body  is  flattened  from  the  sides;  the  abdomen  has  ten  segments;  in 
the  males  it  is  shorter  than  in  the  females;  it  is  turned  upwards  at 
the  end  in  males.  Two  pairs  of  spiracles  in  fleas  are  located  on  the 
thorox,  8  pair  —  on  the  abdomen.  On  the  three  segments  of  the  abdomen 
there  are  three  pairs  of  legs,  which  are  highly  developed,  especially 
the  rear  ones,  with  powerful  Jumping  musculature.  The  tarsus  has 
five  segments;  on  the  last  segment  is  a  pair  of  strong  claws.  The 
size  of  the  Jump  of  the  human  flea  is  about  32  cm  in  length  and  9  cm 
in  height.  On  the  head  of  the  flea  is  a  pair  of  simple  eyes  which 
are  developed  to  an  unequal  degree  in  various  species  of  fleas.  The 
antennae  consists  of  three  segments,  two  short  basic  ones  and  a  third, 
fused  from  many  segments,  the  so-called  antennal  club.  The  oral 
apparatus  of  the  flea  is  for  piercing;  it  consists  of  an  upper  lip 
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(epipharynx)  and  tha  hypopharynx  located  near  the  base  of  the  upper 
Jaws;  on  its  free  end  a  salivary  gland  duct  opens.  The  oral  apparatus 
of  the  flea  has  one  unpaired  piercing  organ  (the  piercing  stylet) 
fluted  from  the  inside  and  originating  from  the  upper  lip.  The  pair 
of  lower  Jaws  and  the  lower  lip  are  equipped  with  palps.  The  upper 
Jaws  are  well  developed  (Fig.  4). 


0 


Fig.  4.  The  human  flea  Pulex  Irritans. 
1  —  male;  2  —  female;  5  —  the  dog  flea 
Ctenocephalldes  canis  (female);  4  — 
egg;  5  —  first  stage  larva;  6  —  second 
stage  larva;  7  -  pupa;  8  —  head  of  a 
flea  with  the  piercing  apparatus;  9  — 
pupa  of  a  flea,  covered  with  mud. 


The  oral  organs  act  as  piercers  of  the  skin  of  the  host;  the 
blood  is  pumped  into  the  stomach  due  to  the  action  of  a  system  of 
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muscles  of  the  head  section  of  the  fore intestine,  which  is  covered 
with  hairs  and  setae. 

Pleas,  apparently.  Introduce  their  oral  apparatus  into  the  skin 
of  a  host,  and  the  upper  jaw  serves  as  a  cutting  organ.  After  the 
penetration  into  a  suitable  vessel  the  tip  of  the  epipharynx  pene¬ 
trates  into  the  opening,  and  the  upper  jaw  with  its  salivary  canals 
remains  outside.  The  fleas  then  suck  blood,  releasing  periodically 
drops  of  secretion  from  the  salivary  glands  (saliva)  of  the  jaw  into 
the  place  near  the  puncture  in  the  wall  of  the  vessel,  but  not  into 
th  opening.  The  saliva  prevents  blood  coagulation;  moreover  a  change 
occurs  in  the  thickness  of  the  skin  and  an  Inflammatory  swelling  appears 
around  the  place  of  puncture,  which  is  maintained  for  a  certain  time, 
and  then  vanishes.  ■  The  act  of  sucking  and  also  the  movement  of  the 
flea  on  the  body  of  the  host  causes  in  the  latter  skin  irritation 
and  etching.  Scratching  the  skin  can  be  severe  and  can  sometimes  'be 
complicated  by  suppurations  (I.  P,  Zlxovtyy). 

On  the  back  of  the  8th  segment  lies  the  scetellum  with  the  sense 
organs.  On  the  surface  of  the  head  and  other  parts  of  the  flea  body 
are  hairs,  setae,  denticles,  dens.  The  latter  are  arranged  in  rows. 

The  organs  of  digestion  consist  of  an  ^rophagus,  passing  into 
the  proventriculus  of  the  mldgut  or  stomach  and  l-indgut,  whirh  passes 
into  the  rectum.  The  proventriculus  is  thickly  covered  with  chltlnous 
setae  directed  towards  the  back,  which  do  not  disturb  the  passage  of 
food,  but  simultaneously  it  is  like  a  valve  inhibiting  the  reverse 
flow  of  the  stomach  contents.  On  both  sides  of  the  Intestines  lie 
2  salivary  glands  consisting  of  a  small  number  of  giant  cells.  The 
ducts  of  both  glands  unite  into  a  common  duct,  which  broadens  towards 
the  heat  into  the  so-calloa  salivary  pump. 

The  greatest  epidemiological  significance  belongs  to  those  fleas, 
which  are  encountered  in  the  human  environment,  namely: 

1)  the  human  flea  (Pulex  Irrltans),  parasitizes  man;  it  is  fre¬ 
quently  encountered  on  domestic  and  wild  animals;  the  inhabitant  of 
human  dwellings  is  widespread  everywhere; 
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2)  the  dog  and  feline  flea  (Ctnocephalldesi  canis  a.  fells) 
parasitizes  domestic  animals  (dogs,  cats)  and  Is  also  encountered  on 
man; 

5)  the  rat  flea  (Xenopsylla  cheopls)  mainly  parasitizes  gerbils 
and  rats  In  the  southern  belt  of  the  Soviet  Union  and  Central  Asia; 
it  plays  an  Important  role  In  epidemiology  of  plague; 

4)  the  rat  and  mouse  flea  (Ceratophyllus  fasclatus)  Is  a  wide¬ 
spread  parasite  of  rats  and  mice; 

5)  the  suslik  flea  (Ceratophyllus  tesquorum)  Is  a  parasite  of 
susliks;  It  Is  a  carrier  of  plague;  It  can  be  passed  on  to  man; 

6)  the  marmot  flea  (Cropsylla  sllantlewl)  parasitizes  marmots 
and  bobak;  It  Is  a  carrier  of  bobak  plague. 

Pleas  usually  lay  from  3  to  15  eggs  (depending  upon  the  species 
of  fleas)  In  cracks  In  floors.  In  rags.  In  dust.  In  rat  nests.  In 
doghouses.  In  waste  plant  material.  In  bird  nests.  In  the  soil,  and 
so  forth.  The  eggs,  as  a  rule,  are  white,  with  a  slightly  yellowish 
hue.  During  their  whole  life  fleas  lay  about  450  eggs.  Dog  fleas 
lay  eggs  In  the  wool  of  the  animals,  gluing  them  slightly  to  the  fur; 
this  gluing  Is  so  weak  that  when  dogs  are  combed  the  fleas  and  their 
eggs  are  combed  out  onto  the  floor.  Human  fleas  also  sometimes  weakly 
glue  their  eggs  to  the  fibers  of  fabric.  The  embryo  developing  In 
the  egg  has  on  Its  head  a  sharp  thorn,  with  which  It  ruptures  the 
shell  of  the  egg  and  the  larva  emerges  outside.  From  the  egg  after 
3-5  days  there  hatches  a  white,  worm-llke,  very  mobile  larva,  which 
feeds  on  decomposed  organic  substances  and  the  excretions  of  Its 
parents,  which  with  excess  feeding  ejects  through  the  anus  undigested 
blood;  the  dry  feces  of  fleas  Is  also  food  for  the  larvae.  The  body  of 
a  larva  consists  of  a  head  and  13  segments:  the  oral  organs  are  of 
the  gnawing  or  scratching  type.  The  larvae  Increase  In  size,  molt 
three  times  and  pupate.  Thus,  two  moltlngs  of  the  three  pass  Into  a 
period  of  an  active  state  of  the  larva,  and  the  third  —  into  a  cocoon. 
Prom  the  cocoons  there  emerge  nymphs  and  mature  insects.  The  periods 


562 


of  the  stay  In  the  cocoon  are  different  and  fluctuate  from  7  to  575 
days,  which  depends  on  the  temperature  and  humidity.  Under  favorable 
conditions  (temperature  of  18°)  the  whole  cycle  of  flea  development 
can  be  completed  in  3-4-5  weeks. 

Under  laborato.’y  conditions  the  length  of  the  life  of  a  flea  is 
very  diverse.  The  flea  of  steppe  rodents  can  live  up  to  1725  days; 
the  human  flea  can  live  from  300  to  513  days;  the  rat  flea  —  up  to 
100  days,  the  dog  flea  —  up  to  243  days.  Under  natural  conditions 
fleas  can  exist  much  longer.  They  can  also  live  for  a  rather  long 
time  in  the  absence  of  a  host  (in  nests,  burrows). 

The  number  of  fleas  depending  upon  the  season  of  the  year  is 
different  for  different  species  and  different  localities.  Thus,  for 
example,  the  rat  flea  becomes  the  most  numerous  towards  autumn  (Septem¬ 
ber).  The  maximum  number  of  human  fleas  is  observed  in  August-Septem- 
ber,  and  the  minimum  occurs  in  January. 

Upon  emerging  from  the  cocoon  fleas  can  live,  without  feeding. 
Besides  they  do  not  multiply.  For  the  maturing  of  eggs  it  is  necessary 
that  a  flea  for  a  certain  interval  of  time  suck  the  blood  of  its  host. 

Pleas  can  pass  onto  predatory  animals  from  their  host.  This  is 
why  on  cats  it  is  possible  to  find  rat  fleas  and  fleas  of  other  rodents, 
as,  for  example,  suslik  fleas,  which  has  great  Importance  in  the 
epidemiology  of  plague.  Fleas  in  the  adult  state  under  favorable 
conditions  feed  on  the  blood  of  mammals  and  birds  every  2  h. 

The  duration  of  the  bloodsucking  act  for  human  flea  is  about  15 
minutes;  dog  fleas,  according  to  some  authors  suck  blood  for  about 
2  hours,  according  to  others —  about  4  hours.  The  human  flea  during 
the  first  30  minutes  after  taking  food  defecates  10-20  times.  Tem¬ 
perature  influences  food  consumption,  and  some  species  of  fleas  are 
not  able  to  suck  blood  at  a  temperature  lower  than  13°>  and  other 
suck  the  blood  of  suslike  which  have  fallen  asleep  at  a  temperature  of 
6-7°.  High  temperatures  with  a  deficiency  of  humidity  act  lethally  on 
fleas;  a  temperature  above  40°  causes  their  rapid  death. 
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The  Epidemiological  Significance  of  Fleas 

In  a  flea  for  a  prolonged  time  there  remain  viable  the  exciters 
of  various  Infectious  diseases,  which  with  bloodsucking  can  be  trans¬ 
mitted  to  man.  There  have  been  registered  24  species  of  wild  mammal 
fleas  which  parasitize  man  and  his  dwellings. 

The  majority  of  authors  considers  that  fleas  can  transmit  from  a 
sick  animal  or  a  man  to  a  healthy  animal  or  a  man  7  infections;  certain 
authors  express  the  assumption  that  fleas  can  even  transmit  18  infec¬ 
tions  (I.  G.  loff).  However,  the  information  cited  in  this  respect 
contraction  cannot  be  considered  sufficient.  Only  data  about  the 
propagation  and  the  duration  of  the  preservation  in  a  flea  of  the 
exciters  of  such  infections,  as  plague,  tularemia,  endemic  typhus, 
Japeuiese  river  fever  and  yellow  fever  (Yu.  M.  Rail',  Ye.  N.  Zagnlboro- 
dova)  have  been  indisputably  proven. 

Recently  attention  has  been  focused  on  them  as  propagators  of 
rickettsial-pathogenic  agents  from  the  group  of  parasitic  typhuses, 
and  others. 


The  role  of  fleas  in  the  transmission  of  plague  has  been  especially 
thoroughly  studied.  This  Infection  strikes  not  only  man,  but  also  a 
number  of  wild  animals,  for  example,  mice,  rats  (gray,  black  and 
laminar-tooth),  susliks,  bobaks,  jerboas,  gerblls,  field  voles, 
lemmings,  mole-voles,  hamsters,  hares,  and  others.  From  home  animals 
can  sicken  camels,  sheep,  big  cattle. 

Plague  is  mainly  a  rodent  disease  characterized  by  natural 
focalizatlon.  A  large  role  in  the  propagation  of  infection  among  man 
is  played  by  rats.  The  black  rat  (Rattus  rattus),  populating  homes 
up  to  the  upper  floors  and  attics  has  a  great  possibility  to  come  in 
contact  with  man  and  to  contaminate  his  dwellings  with  rat  fleas,  as 
a  result  of  which  this  species  of  rat  more  frequently  serves  as  the 
source  of  the  infection  of  man  with  plague  than  the  gray  rat.  In 
the  period  of  eplzooty  fleas  which  ha/e  sucked  the  blood  rf  a  rodent 


sick  with  plague  remain  td  the  end  of  their  life,  frequently  for 
several  months,  carriers  of  the  infection.  Contaminated  fleas  can  be 
found  not  only  on  diseased,  but  also  on  healthy  rodents,  in  their 
burrows,  etc.,  (Yu.  S.  Balashov,  V.  A.  Bibikov;  V.  A.  Blvkova,  and 
V.  V.  Sakharova;  Barbes), 

The  Infection  of  fleas  occurs  only  in  those  cases,  when  they  suck 
the  blood  of  a  diseased  rodent  during  extraordinarily  Intense  sepsis  — 
in  the  last  hours  before  its  death. 

In  a  study  of  the  intensity  of  infection  with  plague  bacillus 
of  fleas  during  the  epizooty  of  plague  among  wild  rodents  it  was 
shown  that  in  the  first  3  weeks  of  epizooty  fleas  are  contaminated  by 
an  insignificant  amount  of  plague  bacilli,  and  in  the  last  3  weeks 
with  massive  infection. 

According  to  I.  G.  loff  with  the  feeding  of  fleas  a  few  hours 
before  the  death  of  a  diseased  animal  not  more  than  JO^  of  the  Insects 
are  contaminated,  but  feeding  chem  18  hours  and  more  before 
their  death  infection  in  them  is  only  very  rarely  observed.  Under 
conditions  of  natural  epizooty  it  was  possible  to  detect  plague  infec¬ 
tion  in  70%  of  the  fleas  taken  from  plague-stricken  susliks  found  in 
the  steppe.  The  period  of  preservation  of  the  Infection  depends  on 
the  duration  of  life  of  the  female  fleas.  Data  exist,  that  the  marmot 
flea  can  preserve  infection  up  to  358  days,  and  the  flea  of  other 
steppe  rodents  —  up  to  296  days.  The  maximum  period  of  life  of  a 
plague  stricken  rat  flea  is  equal  to  50  days.  After  the  death  of  a 
flea  the  death  of  the  microbe  in  its  corpse  was  observed  between  the 
4th  and  24th  day.  Regarding  the  possibility  of  hereditary,  i.e.,  the 
transovarian  transmission  of  bacterial  infection  in  fleas,  in  this 
regard  no  positive  results  were  obtained.  The  possibility  of  the 
preservation  of  bacteria  in  the  flea  organism  during  its  metamorphosis 
from  the  larval  stage  to  the  Imaginal  stage  was  rejected.  The  plague 
microbe  vanishes  from  the  Intestines  of  the  larva  not  later  than  12 
hours  after  it  has  consumed  the  infection  material  (I.  0.  loff). 


In  1953  M,  P,  Pokrovskaya  extracted  from  fleas  during  epizooty 
a  plague  culture  infected  with  a  bacteriophage.  An  analogous  phenome¬ 
non  was  noted  by  other  researchers.  Under  the  Influence  of  a  phage  in 
the  flea  organism  lysis  of  the  microbes  occurs,  as  a  result  of  which 
it  is  liberated  from  the  latter.  It  was  determined  that  a  phage  in 
the  organism  of  a  flea  is  preserved  up  to  J>2  days. 

The  mechanism  of  the  transmission  of  plague  by  the  flea  was 
realized  in  the  following  way:  after  the  sucking  of  an  infected  animal 
(with  Intense  bacteremia)  the  plague  microbes  multiply  in  the  digestive 
organs  of  the  flea,  as  a  result  of  which  the  proventriculus  is  blocked 
by  a  solid  plug  of  these  bacteria  preventing  passage  of  new  blood 
batches  into  the  stomach.  With  subsequent  sucking  the  blood  from  the 
wound  in  the  body  of  the  host  ascends  through  the  proboscis  into  the 
esophagus  and  encounters  a  barrier  in  the  form  of  the  bacterial  lump; 
it  returns  back,  attracting  with  it  a  large  number  of  plague  bacteria. 
Infection  occurs  then,  when  the  blocking  is  incomplete;  in  such  cases 
the  blood  partially  enters  the  stomach  of  the  flea,  but  because  of  the 
disturbance  of  the  functions  of  the  proventricular  valve  there  occurs 
the  reverse  flow  of  blood  from  the  stomach  into  the  wound.  Sometimes 
after  a  new  puncture  and  bloodsucking  the  flea  regurgitates  into  the 
wound  of  the  host  this  blood  with  a  part  of  the  bacterial  plug,  in 
consequence  of  which  infection  occurs.  The  formation  of  blocks  occurs 
slowly:  in  the  rat  flea  in  10-45  days,  and  in  other  species  in  2 
months . 

With  the  presence  of  a  block  the  fleas  are  not  in  a  state  to 
suck  blood,  as  a  result  of  which  they  die  from  hunger.  Fleas  more 
frequently  than  usual,  puncture  the  host,  which  increases  the  possibil¬ 
ity  of  the  propagation  of  plague  infection  by  them. 

The  fleas  of  gray  rats  and  house  mice  in  endemic  focuses,  attack¬ 
ing  man,  can  also  transmit  rat  exanthematous  typhus.  The  pathogenic 
agent  of  rat  or  endemic  typhus  is  Rickettsia  typhl.  If  rlckettsia 
prowazekli  is  transmitted  to  man  through  lice,  then  rlckettsia  of 
murine  typhus  is  transmitted  by  the  rat  flea.  Rats  are  the  reservoir 
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of  the  pathogenic  agent  of  rat  exanthematour  typhus;  the  pathogenic 
agent  can  be  Inoculated  Into  piglets,  mice,  rabbits,  susliks,  hedgehogs, 
and  other  animals.  The  role  of  carrier  is  also  played  by  mouse,  dog, 
and  cat  fleas. 

After  Infection  with  rlcksettslae  the  human  flea  remains  con¬ 
taminated  for  life.  In  fleas  as  well  as  in  lice  rlckettsla  infection 
is  confined  to  the  epithelium  of  the  stomach.  Intestlnail  rickettslosls 
in  fleas  does  not  cause  their  death  and  has  something  like  a  symbiotic 
character,  where  in  the  case  of  normal  blood  feeding  they  regularly 
excrete  rlckettslae  with  the  feces.  Contaminated  fleas  which  remain 
for  12  days  without  blood  feedint,  cease  to  be  dangerous;  but  with  the 
restoration  of  this  they  again  become  dangerous  after  48  hours. 

Rickettsiae  excreted  along  with  the  feces  are  well  preserved  in 
the  environment  (for  40  days),  but  readily  die  in  the  presence  of 
moisture  (24  hours  after  submersion  in  water).  An  infectious  dose  for 
man  is  0.01  mg,  which  corresponds  to  1/5  part  of  the  flea  defecation. 

In  the  salivary  apparatus  of  fleas  rickettsiae  are  absent,  and 
thus  a  flea  during  bloodsucking  cannot  transmit  the  rickettsiae  into 
the  wound  of  the  animal.  Rats  and  mice  are  infected  through  the  urine 
of  diseased  rodents  and  the  feces  of  fleas  containing  rickettsiae. 

Pleas  infected  on  rodents  and  then  attacking  or  getting  into  his 
dwellings  can  transmit  the  infection  to  people  due  to  their  excreting 
rickettsiae  with  fecal  matter. 

The  method  of  infection  can  be  various:  rickettsiae  can  penetrate 
through  Injured  skin  (rubbing  them  into  scratches  in  the  shin),  the 
mucous  membranes  of  the  raoutn,  the  conJ\’'~.ctivae,  and  also  through  the 
intestines  in  the  case  of  their  getting  there  alone  with  food.  Infec¬ 
tion  most  frequently  occurs,  apparently,  as  a  result  of  the  rickett- 
siae  getting  on  mucous  membranes  along  with  the  feces  of  fleas  or  by 
inhalation  (the  inhaling  of  rickettsiae  which  have  been  raised  with 
dust) . 
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It  was  established  in  experiments  that  fleas  are  very  susceptible 
to  rickettsiae  prowazekii  -  the  pathogenic  agents  of  epidemic  typhus. 
Infected  fleas,  obviously,  preserve  all  their  life  in  themselves  the 
pathogenic  agents  of  Infection,  which  are  excreted  with  their  fecal 
matter.  The  mechanism  of  infection  is  the  same,  as  in  murine  tj^phus. 

Tularemia  can  be  transmitted  from  a  diseased  rodent  to  a  healthy 
one  by  fleas.  In  rodent  nests  the  number  of  fleas  is  great.  For 
example,  in  the  nest  of  a  field-vole  up  to  800  fleas  can  be  found. 

In  the  cold  season  tularemia  microbes  can  live  in  the  body  of  a  flea 
for  months  (V.  Ye.  Tlflov,  N.  G.  Olsuf'yev). 

Pleas  collects J  on  people  sick  with  leprosy  and  in  the  dwellings 
of  these  patients  contain  in  large  numbers  leprosy  bacteria.  However, 
the  possibility  of  transmitting  leprosy  by  fleas  has  not  been  demon¬ 
strated.  A  British  commission  on  leprosy  studying  the  possible  role 
of  insects  in  the  transmission  of  this  disease  arrived  at  negative 
conclusions. 

Cases  have  been  observed  of  the  Isolation  of  the  pathogenic  agents 
of  pastenrellosls,  salmonellosis  erysipefoid,  of  the  virus  of  lymphocy¬ 
tic  choriomeningitis  and  tick-borne  encephalitis  from  fleas  collected 
in  nature.  Under  laboratory  conditions  it  was  ascertained  that  cer¬ 
tain  species  of  fleas  are  able  for  a  prolonged  period  of  time  to 
preserve  bacteria  pathogenic  for  man  (viruses  and  rickettsiae)  of 
erysipeloid,  pseudotuberculosis,  melioidosis,  pasteurellosis,  anthrax, 
rickettsiae  of  American  rocky  mountain  spotted  fever,  Q  fever, 

Japanese  river  fever,  pneumococcal  Infection  of  rodents. 

Certain  data  exist  about  the  fact  that  fleas  participate  in  the 
transmission  of  the  pathogenic  agents  of  hemorrhagic  nephrosonephrltis, 
tetanus,  myxomatosis,  in  rabbits,  smallpox,  leprosy  in  rats,  and 
others. 

The  epidemiological  significance  of  fleas  in  transmitting  the 
enumerated  pathogenic  agents  of  infectious  diseases  is  insignificant 
or  has  not  been  proven,  nevertheless  indications  exist  of  the  necessity 


568 


of  combatting  fleas  both  In  the  field,  and  also  at  populated  points 
(I.  S.  Tinker,  I.  Kh,  Ivanov). 


Measures  for  Combatting  Fleas 

Measures  for  combatting  fleas  should  be  directed  mainly  toward 
the  creation  of  conditions  for  preventing  the  reproduction  of  insects 
and  for  destroying  them  in  their  breeding  places.  It  is  necessary 
to  strive  first  of  all  to  keep  premises  in  a  state  of  cleanliness, 
especially  public  places:  dispensaries,  hospitals,  subways,  theaters 
movies,  schools,  stations,  railroad  cars,  vessels,  etc. 

Rubbish,  rags,  bedding  for  animals,  waste  material  and  others 
should  be  regularly  removed,  since  they  can  serve  as  places  for  the 
breeding  of  fleas  (R.  B.  KosmlnsKly,  M.  N.  Tlmchenko  and  others, 

P.  I.  Shlranovlch  and  others). 

In  destroying  fleas,  besides  sanltary-hygenlc  measures,  Insecti¬ 
cides  are  broadly  applied. 

According  to  A.  N.  Alekseyev,  the  sensitivity  of  the  flea  of 
Murldae  rodents  to  DDT,  gamma-hexachlorane  and  chlorophos  at  the  egg 
and  larva  stage  Is  different.  With  the  constant  maintenance  of  the 
larvae  on  a  substrate  treated  with  insecticides,  the  most  toxic  to 
them  was  gamma-hexachlorane ,  the  least  -  chlorophos;  DDT  occupies 
an  intermediate  position.  The  most  sensitive  were  the  larvae 
of  the  younger  instars,  less  sensitive  -  the  larvae  of  the  third 
instar,  the  pupae,  and  eggs. 

The  insecticides  penetrate  through  the  shell  of  both  the  egg 
and  also  the  cocoon.  The  shell  of  the ‘egg  is  more  protected  than 
the  shell  of  the  cocoon  from  the  effect  of  gamma-hexachlorane  and 
DDT  by  100  times,  from  chlorophos  by  10  times. 

The  sensitivity  to  insecticlaes  of  mature  fleas  depends  on  their 
sex,  stage  (instar)  and  the  degree  of  their  saturation.  "Old," 


females  (one-  and  tWo-weeks  old)  feeding  on  an  animal  are  less 
sensitive  to  chlorine-containing  preparations  than  "young"  (one-day 
old)  females.  Chlorophos  was  equally  toxic  both  to  one-day  old 
hungry  fleas,  and  to  "old"  females. 

Hexaohlorane  preparations  containing  both  SOilf  and  93$  gamma- 
isomer  possess  approximately  identical  toxicity.  Readily  soluble 
components  consisting  of  the  oily  admixtures  hepta-  and  octo- 
chlorocyclohexane  which  are  by-products  of  the  production  of  the 
gamma-isomer  of  hexachlorane,  also  possess  considerable  toxicity  to 
fleas.  The  alpha-  and  beta-  and  delta-isomers  of  hexachlorane  are 
practically  ineffective  with  respect  to  fleas. 

The  development  of  paralyses  in  Ceratophillus  conslmllls  wog  fleas 
occurs  in  proportion  to  the  degree  of  their  sensitivity  to  Insecticides 
the  fastest  of  all  is  in  young  females  and  males,  the  slowest  —  in 
old  females.  Great  epidemiological  significance  belongs  to  the 
established  fact  that  C.  conslmllls  fleas  preserve  the  ability  to  feed 
on  the  blood  of  man  even  in  the  presence  of  expressed  symptoms  of 
paralyses . 

According  to  insecticidal  properties  with  respect  to  fleas  the 
preparations  are  arranged  in  the  following  order:  gamma-hexachlorane  > 

>  dleldrln  >  aldrln  >  chlordane  >  DDT  >  pyrethrln  >  allethrin  > 

>  toxaphene. 

With  the  prolonged  use  (for  a  period  of  3  years  and  more)  of 
insecticides  fleas  become  resistant  to  the  latter. 

Reports  of  cases  of  the  ineffectiveness  of  certain  insecticides 
with  respect  to  varlou*'  species  of  fleas  under  natural  conditions  are 
rather  numerous.  Of  special  interest  is  the  work  of  Vera,  who 
reported  on  the  ineffectiveness  of  DDT  in  a  focus  of  plague  in  Ecuador 
against  various  species  of  fleas  and  about  the  rate  of  Increase 
of  cases  of  plague  disease  due  to  this.  According  to  Patel  with 
coauthors,  as  a  result  of  14  years  of  treatment  with  DDT  of  one 
of  the  regions  there  appeared  high  resistance  among  fleas,  which  was 
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3000  times  greater  as  compared  to  the  control  fleas.  According  to 
the  reports  of  the  Universal  Organization  of  Public  Health,  fleas 
preserve  resistance  acquired  by  them  for  over  a  year. 

According  to  V.  I.  Vashkov  and  A.  N.  Alekseyev,  with  the 
cultivation  for  28  generations  of  all  phases  of  development  of  rodent 
fleas  (C.  consimllls)  on  a  substrate  containing  DDT,  In  the  insects 
resistance  to  this  insecticide  Increased  by  8  times.  The  development 
of  resistance  was  noted  both  for  the  Imaginal  and  also  for  the 
prelmaglnal  phases.  The  eggs  and  larvae  of  an  experimental  strain  of 
fleas  were  more  resistant  to  DDT  than  the  initial  control  strain. 

The  number  of  offspring  after  contact  with  lethal  doses  of  DDT  in 
the  resistant  strain  was  20  times  greater  than  in  the  control  strain. 

In  the  experiment  resistance  developed  slowly  and  became  noticeable 
only  after  20  generations.  This  makes  it  possible  to  draw  the 
conclusion  that  in  the  course  of  not  less  than  2-3  years  it  is  possible 
to  apply  the  same  preparation  to  combat  them.  Upon  hatching  from 
the  cocoon  the  young  fleas  of  the  resistant  strain  are  highly  sensitive 
to  insecticides j  this  makes  it  possible  in  combatting  them  for  a 
certain  time  to  achieve  success  by  increasing  by  2-3  times  the 
expended  insecticide. 

Treatment  of  domestic  animals.  It  is  necessary  to  attentively 
watch  domestic  animals  and  the  places  where  they  are  kept  and  where 
they  rest  —  their  niches,  doghouses,  stalls,  baskets,  mats,  boxes 
with  pads,  bedding,  etc.  It  is  necessary  to  treat  the  latter  with 
pyrethrum,  DDT  disinfecting  powders,  carbophos,  chlorophos,  or  hexachlo- 
rane  at  a  rate  of  5-10  g/m  ,  10$  solutions  of  naphthalysol,  lysol, 
soap-cresol  liquids  or  soap-solvent  emulsion,  with  an  expenditure 
of  the  liquid  of  300-500  g/m^.  Two  hours  after  the  treatment  the 
premises  are  thoroughly  cleaned  and  washed.  The  animals  should  be 
systematically  subjected  to  treatment  with  pyrethrum,  carbophos 
powders,  DDT,  hexachlorane .  In  combatting  fleas  of  domestic  animals 
(dogs,  cats)  it  is  possible  to  dust  them  with  0.25$  anabadust  with  a 
filler  of  soxoul  ashes  or  0.5$  anabadust  with  other  fillers  (coal, 
millet  ashes,  chalk  or  worked  gypsum)  at  a  rate  of  30-50  g  per 
treatment  per  animal.  Anabadust  cannot  be  removed  from  the  animal. 


One  should  not  apply  large  doses  of  DDT  powder  and  hexachlorane , 
since  the  animals  can  lick  it  and  die;  cats  are  especially  sensitive 
to  DDT;  it  is  better  not  to  treat  them  with  this  preparation.  A 
single  toxic  dose  of  pure  DDT  and  hexachlorane  is  approximately 
equal  to  200  mg  or  2  g  of  10$  dust  per  kg  of  weight  of  the  animal. 
Carbophos  is  the  least  toxic  (l800  mg/kg  of  pure  preparation  of  all 
the  insecticides.  For  washing  the  animals  it  is  better  to  use  soap 
with  DDT  or  hexachlorane.  Not  recommended  for  use  in  washing  the 
animals  are  oil  solutions  of  DDT  and  hexachlorane.  because  in  this 
form  the  preparation  is  readily  absorbed  and  the  animal  can  die. 

Combatting  fleas  on  dogs  and  cats  can  be  carried  out  with 
carbophos  (malathlon)  in  the  form  of  3-5$  disinfecting  powder  or  a 
0.5$  solution  (or  submersion  in  a  bath  containing  0.25$  of  the 
preparation).  Sevln  can  also  be  used  in  the  form  of  2-5$  disinfecting 
powder  or  by  submersion  in  a  bath  containing  0.5$  solution.  Also 
used  are  disinfecting  powders  containing  1$  rotencne  or  pyrethrum, 

10$  methorychlor,  1$  lindane  or  2-4$  chlordane,  and  also  a  0.2$ 
emulsion  of  DDVP  (for  external  application). 

Derrls  powder  can  be  used:  one  teaspoon  of  derris  powder  is 
mixed  with  a  double  quantity  of  wheat  flour  and  rubbed  into  the  wool 
of  animals  or  dusted  from  a  gauze  sack.  Rotenone  powder  cannot  be 
used  for  the  treatment  of  bird  cages,  because  they  can  easily 
become  ill  with  pneumonia.  In  such  cases  pyjethrum  powder  is  used. 

For  treating  small  cats  and  dogs  it  is  possible  to  use  silica  gel 
at  a  rate  of  30  g  per  animal.  For  larger  dogs  ana  cats  -  60  g  per 
animal,  which  is  to  be  subjected  to  treatment.  For  several  days 
silica  gel  powder  is  rubbed  into  the  fur  and  removed  by  washing. 

Ronnel  is  used  in  the  form  of  a  0.25$  solution  both  as  an  external 
and  as  an  Internal  agent.  A  solution  or  tablets  of  ronnel  are  given 
with  the  food  to  animals  at  a  rate  of  100  mg/kg  of  weight  of  the 
animals,  which  after  2-4  days  provides  effective  results.  Tablets 
with  dlpterex  are  recommended  for  administration  2  times  per  week 
(a  dose  of  68  mg/kg).  In  the  absence  of  insecticides  a  soap-kerosene 
emulsion  is  used,  which  is  prepared  in  the  following  manner:  31  g  of 
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soap  are  dissolved  In  1  £  of  water,  the  solution  Is  brought  to  boiling; 
to  the  hot  liquid  there  are  added  1250  g  of  kerosene  and  thoroughly 
mixed,  and  then  the  mixture  Is  brought  to  a  volume  of  20  £.  For 
the  washing  of  animals  It  Is  also  possible  to  use  lye.  In  necessary 
cases  the  destruction  of  fleas  on  birds  Is  carried  out. 

Individual  human  protection.  Under  conditions,  where  the  possi¬ 
bility  of  an  attack  on  fleas  Infected  with  plague  on  man  Is  not 
excluded,  one  should  don  special  clothing  and  boots  with  high  tops; 
the  ends  of  the  sleeves  of  the  coveralls  and  trousers  should  be 
tightly  tied  over  the  mittens  and  boots.  It  is  necessary  to  don 
safety  glasses  and  respirators.  Repellent  agents  and  Insecticides 
are  also  used:  lysol,  napthalene,  DDT,  hexachlorane  and  pyrethrum, 
with  which  the  clothing  is  treated  (see  "Repellents"). 

The  destruction  of  fleas  In  dwellings.  For  destroying  fleas  in 

dwellings  there  are  used  preparations  containing  DDT,  hexachlorane 

and  Its  gamma  isomer,  dieldrln,  chlordane,  chlorophos,  DDT,  carbophos 

and  others.  Mature  fleas  In  dwellingc  can  be  destroyed  by  dusting 

the  floor  and  furniture  with  10?  DDT  disinfecting  powder,  6-12? 

hexachlorane  disinfecting  powder  at  a  rate  of  2-6  g  of  insecticide  per 

m  .  Pyrethrum  Is  atomized  at  a  rate  of  5-25  g/m  (Table  36). 

Dusts  and  powders  are  atomized  on  the  surface  of  the  floor,  linen, 

clothing,  beds,  bed  appurtenances.  The  places  to  be  m.ost  carefully 

dusted  are  the  baseboards,  cracks  In  the  floor,  collected  rubbish, 

animal  resting  places  (cats,  dogs)  and  their  bedding.  In  an 

analogous  way  there  are  also  used  a  1-2?  suspension  of  disinfecting 

powders,  a  1-2?  emulsion  of  desinsectal  [Translators  Note:  a 

solution  of  DDT  In  a  hydrocarbon  solvent  used  as  domestic  vermicide], 

2 

a  1-2?  solution  of  chlorophos  at  a  rate  of  0.5-2  g/m  of  insecticide, 
fleaclde  [Translators  Note:  pyrethrum  solution  in  mineral  spirits 
used  as  household  insecticide]  at  a  rate  of  ^0-50  m£/m  .  The 
preparations  are  applied  not  only  on  the  floor,  but  also  on  rubbish 
and  on  the  walls  to  a  height  of  1  m.  In  dwellings  the  preparation 
is  removed  2-3  hours  after  Its  application  (dusting);  it  is  not 
recommended  that  linen,  clothes,  and  beds  be  treated  with  hexachlorane. 
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Table  36.  Mbrmal  expenditures  of  preparations  for  destroying  fleas 
(developed  by  the  Central  Scientific  Research  Dlslnfectlonal  Institute). 


Insecticide 

Unit  of 
measurement 

Expendi¬ 
ture  of 
preparation 
per  single 
applica¬ 
tion,  g 

Method  application  and 
solution  concentration 

Chlorophos 

Square  meter 
of  floor 

2 

Treatment  with  1-3$ 
aqueous  solution 

Trlchlormetaphos- 

3 

The  same 

1 

Treatment  with  a  1-2$ 
emulsion 

10!J  DDT  disinfec¬ 
ting  powder 

It  It 

20 

Dusting  of  the  floor 
and  furniture 

Set 

20 

Clothing,  undercloth¬ 
ing 

11 

60 

Bed  appurtenances 

Animal 

40 

Cat ,  dog 

DDT  suspension 

Square  meter 
of  floor 

15 

Treatment  of  floors, 
walls  w.ith  1-2$ 
suspension 

25?  DDT  emul¬ 
sion 

The  same 

6 

Treatment  with  1-2$ 
emulsion  of  floors, 
walls  to  a  height  of 

1  m  and  furniture 

Dlslnsectal 

It  ft 

50 

Treatment  of  floors, 
walls,  furniture 

12%  HCCH  disin¬ 
fecting  powder 

It  It 

20 

Dusting  of  floor 
and  furniture 

Set 

15 

Clothes,  underclothing 

Square  meter 
of  floor 

12 

Treatment  of  floors 
and  walls  with  a  1-2$ 
aqueous  emulsion 

12$  HCCH  dlnln- 
fecting  powder 

Set 

60 

Bed  appurtenances 

Animal 

40 

Cat ,  dog 

Py rethrum 

Square  meter 
of  floor 

25 

Dusting  of  floor  and 
furniture 

Set 

20 

Clothes,  underclothing 

tl 

60 

Bed  appurtenances 

Animal 

40 

Cat ,  dog 

HCCH  emulsion 

Fleaclde 

Square  meter 
of  floor 

The  same 

10 

50 

Treatment  of  floors, 
walls  In  uninhabited 
premises 

Treatment  of  floors 
walls,  furniture,  and 
bedding  for  animals 
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In  using  pencils  containing  hexachlorane  or  other  Insecticides 
strips  are  drawn  with  Intervals  of  4-5  cm  on  the  lower  parts  of  the 
walls  (up  to  1  m),  on  the  floor,  furniture,  beds,  and  so  forth. 

When  using  soap-K  5!8  aqueous  emulsions  are  applied. 

The  treating  of  premises  with  a  1!J  emulsion  of  chlordane, 

diazlnon,  malathlon,  gamma-isomer  or  dlpterex  at  a  normal  expenditure 
2 

of  50  ml/m  showed  that  the  most  effective  was  diazlnon  providing 
complete  destruction  for  a  period  of  63  days.  The  gamma-isomer 
with  respect  to  Insecticidal  properties  is  close  to  diazlnon,  whereas 
carophos  and  chlorophos  give  satisfactory  results  for  a  total  of  7 
and  35  days  respectively.  A  concentration  of  5%  emulsion  of  chlordane 
provide  a  reduction  In  fleas  by  84$. 

With  the  presence  in  fleas  of  resistance  to  DDT  preparations 
a  2%  emulsion  of  malathlon  or  a  1%  emulsion  of  diazlnon  Is  applied. 
When  disinfecting  powders  are  used  10$  DDT  and  2-5$  malathlon  are 
applied;  the  fastest  effect  Is  provided  by  0.5$  DDVP  (V.  T.  Oslpyan, 

M.  D.  Dunayeva,  L.  N.  Pogodina). 

For  dusting  a  floor  and  furniture  1$  anabasine-sulfate 

disinfecting  powder  with  a  powdered  slaked  lime  filler  or  0.8$ 

anabasine-sulfate  disinfecting  powder  with  a  sodium  carbonate  filler 

2 

are  used  at  a  rate  of  5  g/m  ;  It  is  possible  to  use  with  complete 

effectiveness  for  combatting  fleas  a  1.25$  aqueous  solution  of 

anabasine-sulfate  with  a  filler  of  C.5$  emulsion  of  household  soap. 

2 

For  this  100  mu  of  this  solution  are  used  to  treat  1  m  of  the  surface 
beln^  treated. 

Disinfecting  powders  and  other  preparations  are  carefully  applied 
to  the  places  of  rat  movement  and  the  entrances  to  their  burrows  so 
that  poison  gets  on  their  fur  and  gets  carried  to  their  nest.  Fleas 
attacking  such  rats  die.  For  the  complete  destruction  of  fleas 
two-three  treatments  of  premises  are  necessary.  They  also  treat 
rubbish  chutes,  cellars,  and  so  forth.  Simultaneously  with  this 
there  is  conducted  deratization. 
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Repeated  trealmenta  are  conducted  according  to  indications. 

There  are  also  applied  hot  emulsions  of  10!i  naphthlysol,  10^  soap- 
cresol  preparations,  5^  phenol  or  10-15/5  lysoform,  which  are  used  to 
treat  walls  and  floors  of  dwellings,  where  one  should  thoroughly 
treat  all  cracks  of  floors,  and  also  the  spaces  behind  the  baseboards; 
2  hours  after  treatment  the  floors  have  to  be  thoroughly  washed. 

Aerosols  of  DDT,  hexachlorane  and  others  are  applied  (V.  T. 
Oslpyan,  N.  D.  Dunayeva). 

Poisonous  gases  are  also  used  (chlorine,  sulfur  dioxide,  prussic 
acid,  chloroplcrin,  and  others);  most  widely  applied  is  chloropicrln, 
which  is  not  only  a  dlsinfestatlonal,  but  also  a  disinfecting  agent 
with  respect  to  the  nonresistant  plague  microbe  (see  "Fumigants”). 

In  all  cases  after  disinfestation  it  is  necessary  to  carefully 
sweep  up  and  burn  the  dead  Insects,  Inasmuch  as  the  insecticides  do 
not  kill  the  microorganisms,  located  inside  the  Insects. 

The  destruction  of  fleas  in  clothing,  linen  and  bed  appurtenances 
la  carried  out  by  dusting  the  articles  with  10$  DDT  disinfecting 
5-12$  hexachlorane  disinfecting  powder,  5$  chlorophos  disinfecting 
powder  or  carbophos  or  pyrethrum  disinfecting  powder  at  a  rate  of 
15-20  g  per  set.  The  fleas  die  approximately  after  2  hours.  In 
the, case  of  the  absence  of  powdered  preparations  it  is  possible 
to  use  surface  moistening  with  a  1$  DDT  emulsion,  a  2$  chlorophos 
solution,  5$  naphthalysol,  lysol,  soap-cresol  liquids,  a  5$  soap-K 
emulsion.  After  treatment  the  articles  are  cleaned  and  beaten  out. 


For  the  purpose  of  destroying  fleas  there  can  be  used  preparations 
of  anabaslne,  with  which  linen,  clothes  and  bed  appurtenances  are 
dusted  at  a  rate  of  125  g  per  set  -  0.25$  anabaslne-sulfate  disinfect¬ 
ing  powder  with  a  filler  of  saxaul  ashes  or  0.5$  anabaslne  disinfect¬ 
ing  powder  with  a  filler  of  sifted  chalk,  or  1$  anabaslne-sulfate 
disinfecting  powder  with  a  filler  of  sifted  gypsum.  The  shaking  out 
of  the  disinfecting  powder  and  insects  from  the  clothing  is  carried 
out  10-30  minutes  after  the  application  of  the  insecticide. 


Destroying  fleas  In  rodent  burrows  (susliks  and  gerblls)  Is 
achieved  by  Introducing  liquid  chloroplcrln  (2-5  g  per  burrow) 

Into  their  burrows  or  by  the  application  of  10%  DDT  disinfecting  powder 
or  10$  hexachlorane  disinfecting  powder.  It  Is  necessary  to  keep  In 
mind  that  chloroplcrln,  black  cyanide  and  others,  even  at  higher  doses 
than  necessary  for  poisoning  rodents  do  not  kill  according  tc  I.  Q. 
loffa  the  entomological  fauna  of  the  burrows,  because  the  gases  and 
vapors  of  these  substances  do  not  penetrate  Into  the  nests  of  the 
rodents  In  the  necessary  quantity,  but  remain  near  the  entrance  and 
poison  the  rodents  only  when  these  latter  pass  through  the  formed  gas 
plug.  Therefore  If  when  destroying  the  susliks  It  Is  also  desirable 
to  destroy  their  fleas,  then  the  designated  burrows  should  be 
thoroughly  stopped  up  to  ensure  their  reliable  and  prolonged  Isolation 
from  the  environment. 

Good  results  were  yielded  by  hydrogen  cyanide,  and  also  by 
methyl  bromide.  As  a  result  of  the  application  of  10  g  of  a 
preparation  Into  a  burrow  not  only  the  rodents  die,  but  also  the 
entomological  fauna  of  the  burrows,  Including  the  ticks.  The 
application  of  methyl  bromide  requires  extraordinary  caution; 

Inhaling  Its  vapors  can  lead  to  poisoning,  and  Illness  starts  only 
after  several  hours  and  even  days  (P.  I.  Shlranovlch,  A.  K.  Shishkin). 

Harvey  for  the  purpose  of  studying  the  possibility  of  destroying 
fleas  on  animals  orally  administered  to  white  rats  an  alcohol  emulsion 
of  ronnel  at  a  rate  of  300  mg/kg,  25  m<;/kg  of  rogor  and  determined 
the  mortality  rate  of  rat  fleas,  planted  on  the  animal.  The  best 
effect  was  observed  with  the  use  of  rogor;  after  1-3  days  82-85$  of 
the  fleas  died.  With  the  use  of  ronnel  after  a  day  there  was  observed 
the  destruction  of  14-16$,  and  after  3  days  56$  of  the  fleas. 

According  to  source  material,  with  the  oral  administration  of 
rogor  (50  mg/kg)  to  rats  the  mortality  rate  of  the  fleas  reached 
after  an  hour  95$,  after  4  hours  3$;  of  baytex  (125-150  rag/kg) 
after  an  hour  89-93$,  after  12  hours  59-60$;  of  American  cyanamlde 
of  phosphorthlan  acid;  0,0-dlmethyl-0,  p-(dlmethyl8ulfainlde)-phenol 
ether  (12-15  rag/kg)  after  an  hour  84-85$,  after  12  hours  40-l8$. 
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Combatting  flitas  under  natural  conditions  has  great  epidemiolo¬ 
gical  significance,  since  rodent  fleas  after  the  destruction  of  the 
rodents  remain  viable  in  the  nests  for  a  prolonged  time,  and  part 
of  them  migrate  to  the  exit  of  the  burrow  onto  the  surface  of  the 
ground,  which  promotes  the  subsequent  propagation  of  infection.  For 
the  purpose  of  destroying  fleas  on  animals  and  preventing  their  migra¬ 
tion  methods  have  been  developed  in  recent  years  for  the  simultaneous 
destruction  of  rodents  and  their  ectoparasites,  Including  fleas  and 
ticks,  for  which  a  mixture  of  insecticides  and  raticides  (DDT  and 
zinc  phosphide  and  others)  have  been  used;  these  are  highly  toxic 
insecticides,  which  are  mixed  with  bait;  systemic  insecticides 
are  also  used  (see  "ticks  and  their  control").  Methods  for  destroying 
fleas  in  rodent  nests  have  also  been  developed. 

Mechanical  methods  of  destroying  fleas  are  so  ineffective  that 
there  is  no  necessity  to  give  a  description  of  them.  The 
application  of  traps  can  be  of  significance  only  in  carrying  out  of 
research  works.  In  bait  there  have  been  used  such  animals,  as  dogs, 
cats,  guinea  pigs,  and  others,  which  are  placed  in  cages  with  the 
walls  covered  with  sticky  paper:  the  fleas  trying  to  attack  the 
animal  get  onto  this  paper. 
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CHAPTER  XX.T 


LICE  AND  THEIR  CONTROL 

Lice  belong  to  the  insect  class  Insecta,  the  order  false- 
proboscldlae.  t/lce  (they  number  about  200  species)  parasitize 
mammals  and  man,  the  blood  of  which  they  feed  on.  Each  species 
of  mammal  has  its  own  individual  species  of  louse,  which  parasitizes 
only  this  animal  and  does  not  go  over  to  other  hosts.  Thus,  for 
example,  pig  lice  do  not  go  over  to  dogs,  they  also  do  not  go 
over  to  man.  In  lice  the  grasping  reflex  is  well-developed;  the 
presence  of  strong  tarsal  claws  on  the  tarsi  makes  it  possible  for 
them  to  hold  firmly  onto  various  surfaces  and  fabrics.  Such  appendages 
permit  the  Insects  to  hold  onto  the  hairs  and  the  clothing  of  the  host, 
and  in  the  case  of  the  contact  of  the  host  with  another  man  they  easy 
pass  over  to  the  latter.  Three  species  of  lice  parasitize  man: 
head  {Pediculus  humanus  capitis),  body  (P.  humanus  corporis)  and 
pubic  or  crab  (Phthirus  pubis)  lice  (Figs.  5,  6,  and  7).  With  respect 
to  the  flr.st  two  species  variants  exist;  some  consider  tnem  individual, 
although  related  species,  other  combine  them  into  one  species  having 
two  varieties. 

Body  and  head  lice  in  external  features  differ  very  little  from 
each  other.  Body  lice  multiply  chiefly  in  the  underclothing  and 
clothing  found  on  man,  and  great  lice  infestation  can  be  encountered 
in  the  upper  clothing  and  bed  appurtenances.  Head  lice  multiply 
mainly  in  the  hair  of  the  head  and  differs  from  the  body  lice  in 
that  they  have  greater  pigmentation  on  each  side  than  on  the  middle 
of  the  torso.  In  body  lice  the  body  is  uniformly  gray.  Sexual, 
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Pig.  5.  The  body  louse,  Pedlculus  humanls 
corporis.  A)  male;  B)  female  (according 
to  Ye.  N.  Pavlovskiy). 


Fig.  6.  The  head  louse,  Pedlculus 
capitis.  A)  male;  B)  female  (accord¬ 
ing  to  Ye.  N.  Pavlovskiy). 


Pig.  7.  The  crab  louse,  Phthlrus 
pubis  (according  to  Ye.  W. 
Pavlovskiy ) . 


crescent-shaped  appendages  on  head  lice  are  broader  than  on  body 
lice.  Among  a  population  of  body  and  head  lice  there  are  encountered 
up  to  S%  hermaphrodites.  In  size  the  body  louse  Is  larger  than  the 
head  louse.  The  length  of  a  male  body  louse  Is  2.1-3.75  mm,  the 
females  2.2-4.75  mm.  The  length  of  a  male  head  louse  Is  2-3  mm, 
the  female  2-4  mm. 

The  pubic  louse  has  a  broad,  flat  body,  thus  the  reason  It  Is 
also  called  the  crab  louse;  the  length  of  the  male  Is  1  mm;  the 
female  Is  1.5  mm.  It  Is  chiefly  encountered  on  the  hairs  of  the 
pubes;  It  lays  eggs  on  them  and  can  also  be  encountered  on  other 
hairy  parts  of  the  body. 

At  a  temperature  of  from  +5®  to  -6®  the  movement  of  lice  ceases. 
The  optimum  temperature  for  the  life  of  lice  Is  30-32®  and  10% 
relative  humidity.  At  40®  they  die  within  1-2  hours.  A  louse  can 
live  under  water  at  15-18®  for  2  days.  Animated  movements  In  lice 
are  observed  during  hunger  (searching  for  food)  and  In  laying  nits. 

They  are  the  moi  t  mobile  at  a  temperature  of  25-37®.  With  a  decrease 
In  temperature  the  activity  of  a  louse  falls  off  (0.  V.  Kozulina). 

A  louse  crawls  approximately  30-35  cm  per  minute.  All  species  of 
human  lice  In  all  stages  cf  development  are  blood-sucking.  The 
piercing  proboscis  of  lice  Is  concealed  in  a  special  sheath  In  Its 
head.  When  used  foi’  piercing  it  protrudes  outside.  Suction  occurs 
only  upon  the  submersion  of  the  oral  organs  Into  the  thickness  of 
the  Integuments. 

Lice  can  endure  hunger  for  approximately  10  days  at  a  tempera¬ 
ture  of  10-20®.  They  develop  and  multiply  best  of  all  with  three 
feedings  per  day,  but  can  also  develop  with  a  single  feeding.  During 
each  feeding  the  female  sucks  about  1  mg  of  blood,  and  tne  male  3  times 
less.  The  sucking  act  lasts  from  1  to  20  minutes. 

Olfaction  In  lice  la  weakly  developed.  Satisfied  lice  avoid 
substances  repulsive  to  them,  hungry  lice  can  feed  In  the  presence 
of  repulsive  odors. 


The  mating  of*  lice  occurs  at  any  time.  After  copulation  the 
number  of  spermatozoa  for  the  laying  of  fertilized  eggs  by  the  female 
Is  sufficient  for  20  days.  With  the  placing  of  males  on  the  7-lOth 
dav  with  females,  which  have  copulated  once  In  their  life,  It  Is 
possible  to  Increase  the  number  of  fertilized  eggs.  The  great  number 
of  eggs  laid  Is  obtained  from  females  located  with  a  small  number  of 
males.  The  best  combination  of  males  and  females  for  body  lice  Is 
1:3.  Usually  the  number  of  fertilized  eggs  Is  60-80!t,  and  for  young 
females  It  can  reach  87Jf.  The  females  of  body  lice  lay  nits  -  eggs 
chiefly  on  the  Inside  of  underclothing,  on  the  seams  along  the  length 
of  a  thread  or  a  hair,  but  they  can  also  lay  them  where  the  threads 
cross;  head  lice  lay  eggs  —  nits  along  the  length  of  hairs.  The 
eggs  of  lice  are  ejected  from  the  genital  opening  lubricated  with 
the  secretion  of  the  glue  glands,  which  that  Immediately  congeals 
and  firmly  glues  the  nit  to  the  substrate. 

The  fertility  of  females  fluctuates.  With  the  double  feeding 
of  lice  per  day  for  20  minutes  each  the  lice  lay  at  one  time  2  times 
more  eggs,  and  with  triple  feeding  3  times  more  eggs  than  with  a 
single  feeding.  During  the  course  of  a  day  a  female  body  louse  lays 
6-1^  eggs  per  day,  and  during  her  llfe-tlme  50-329  eggs  (0.  V. 
Kozulina),  and  according  to  Ye.  P.  Pavlovskiy,  during  Its  llfe-tlme 
body  louse  lays  a  maximum  of  295  eggs.  The  female  of  head  lice  in  a 
day  lays  not  more  than  4,  and  during  her  llfe-tlme  lays  approximately 
50  6ggs.  The  nits  of  all  three  species  of  human  lice  differ  somewhat 
from  each  other  (Pig.  8).  The  nits  of  head  and  body  lice  although  they 
are  similar,  also  have  certain  differences  In  form  and  size.  The  size 
of  nits  of  body  lice  Is  equal  to  0,9-1  mm  and  of  head  lice  0.75-0.8  mm. 
The  nits  of  pubic  lice  are  still  smaller  -  0. 65-0.67  mm. 


Pig.  8.  The  nits  (egg)  of  the  three 
species  of  human  lice:  head  (1); 
body  (2);  pubic  crab  lice  (3). 


The  shell  of  a  nit  protects  the  embryo  very  well  from  the 
effects  of  the  environment.  Nits  survive  at  1-3°  for  a  week  and  for 
35  minutes  at  5^°,  at  a  temperature  of  98®  they  die  within  30  seconds. 
The  submersion  of  nits  In  kerosene  or  ether  for  10  minutes  does  not 
have  any  harmful  effect  on  them.  They  die  after  a  10-mlnute  stay 
In  2.5%  carbolic  acid,  after  a  5-mlnute  stay  In  a  2%  solution  of 
lysol,  after  a  2-mlnute  stay  In  a  15%  solution  of  acetic  acid. 

The  duration  of  the  embryonic  development  of  lice  In  nits  depends 
on  the  ambient  temperature.  The  optimum  conditions  for  the  hatching 
of  the  larvae  of  body  lice  are:  a  temperature  of  +37°  and  a  relative 
humidity  of  70?,  The  minimum  period  of  development  Is  4  days;  at 
35°  the  period  of  development  of  body  lice  Increases  to  6-8  days;  at 
30°  -  from  7  to  1^  days,  at  25°  to  16  days.  In  clothes  which  aren't 
taken  off  larvae  hatch  within  7-10  days.  At  ^0°  and  lower  than  22° 
larva  do  not  hatch. 

In  summer  the  process  of  the  hatching  of  the  larvae  of  body  lice 
proceeds  somewhat  more  slowly  than  In  winter.  This  Is  explained  by 
the  fact  that  In  winter  under  the  clothing  on  the  surface  of  the  body 
more  favorable  conditions  are  created  for  lice  than  in  summer, 
in  particular  the  temperature  under  the  clothing  In  summer  Is  lower 
than  In  winter.  Thus,  winter  is  a  more  favorable  season  for  lice 
reproduction. 

The  emergence  of  the  larvae  from  the  nits  occurs  as  a  result 
of  the  action  of  a  special  apparatus,  which  is  develojped  before 
hatching.  With  the  help  of  this  apparatus  the  larva  pushes  off  the 
egg  cap  and  by  means  of  highly  developed  legs  and  spasmodic  contrac¬ 
tion  of  the  body,  and  by  air  pressure  pumped  to  the  bottom  of  the 
egg  shell  by  t.ie  digestive  tract  It  emerges  outside.  Lice  develop 
with  incomplete  metamorphosis,  passing  through  three  phases  of 
development:  the  egg,  a  larva  of  three  stages  and  the  mature  louse. 
There  is  no  pupa  stage.  Not  all  the  developed  embryos  hatch  from  the 
eggs;  dryness  or  excessive  atmospheric  humidity  reduces  the  emergence 
of  larvae  from  the  eggs.  A  larva  which  has  only  Just  hatched  looks 
like  an  adult  louse;  Its  size  Is  1  ram  In  length;  i\.  Is  light-yellow  In 
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color  and  almost  transparent.-  In  contrast  to  the  adult  louse  the  larva 
has  an  inproportlonately  small  abdomen  and  three-segment  antennae. 
Larvae  are  in  a  state  to  suck  blood  a  half  hour  after  emerging  from 
the  egg  shell  (Fig.  9). 


Pig.  9.  Body  lice  larvae,  Pedlculus  humanus  corporis 
1  —  first  Instar;  2  -  second  Instar;  3  -  third 
Instar. 


The  duration  of  the  stages  of  development  of  larvae  Is  dependent 
upon  nutrition,  the  Individual  peculiarities  of  the  Insect,  the 
temperature  and  humidity.  On  the  average  the  whole  larval  period 
lasts  approximately  12  days.  The  development  time  of  lice  Is  made  f  ^ 

up  of  the  time  of  the  Individual  phases  of  development;  In  the  embryo 
(egg)  from  10  days  to  6  weeks;  the  larvae  of  the  first  stage  last  - 

3-5  days;  the  larvae  of  the  second  stage  last  4-5  days  and  the 

larvae  of  the  third  stage  of  development  last  —  3-4  days. 

The  larvae  moulting  process,  i.e.,  the  shedding  of  the  epidermis, 
occupies  approximately  5  minutes.  The  new,  young  epidermis  after 
45  minutes  becomes  thicker  and  the  louse  can  suck  blood.  Female  and 
male  body  lice  are  able  to  mate  24  hours  after  the  termination  of 

the  third  larval  stage;  during  this  time  In  the  virgin  female  there 

occurs  the  development  of  the  sexual  apparatus,  and  the  maturation 
of  the  eggs.  With  continuous  location  on  the  body  of  man  the  duration 
of  the  whole  period  of  development  from  the  time  of  oviposltlon  to 
the  maturation  of  the  female  Is  16  days.  The  greatest  development 
of  the  sexual  apparatus  Is  achieved  on  the  6-7th  day  of  life  of  the 
female;  on  the  12-13th  day  the  sexual  apparatus  of  the  female  starts 
to  degenerate.  The  duration  of  life  of  a  mature  female  body  louse  ^ 
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is  approximately  equal  to  46  days;  the  male  -  32  days;  the  duration 
of  life  of  female  head  lice  is  32  days;  the  male  up  to  27  days. 

According  to  A.  M.  Burylov  and  A.  M.  Pshenichnov,  as  a  result 
of  prolonged  experiments  (2  years)  directed  toward  varying  the 
selection  of  individuals  it  is  possible  to  obtain  populations  of  body 
lice,  which  are  able  to  feed  on  guinea  pigs  and  rabbits.  Compared 
to  the  original  strain  in  the  lice  adapted  to  the  blood  of  rabbits 
and  guinea  pigs  there  was  observed  a  decrease  in  fertility,  a 
reduction  in  the  duration  of  life,  but  they  did  possess  the  ability 
to  assimilate  foreign  blood. 

When  sucking  blood  the  louse  injects  saliva  secreted  by  bean¬ 
shaped  and  horseshoe-shaped  glands.  At  the  place  of  injection 
after  8-10  hours  tiiere  appears  a  hard  bluish  papule  having  an 
itching  and  burning  sensation,  after  approximately  3-4  days  it  becomes 
smaller,  loses  its  color  and  disappears.  The  bluish  color  is  due  to 
local  horaorrhage  and  Inflammatory  vasodilatation.  The  consistency 
of  the  papule  is  explained  by  the  formation  of  an  infiltrate.  With 
■  '  the  reverse  development  of  the  latter  a  small  spot  remains. 

These  pathological  changes  explain  the  itching  (the  irritation 
by  the  lice  saliva  of  the  nerve  endings  of  the  cells).  The  secretion 
of  the  bean-shaped,  salivary  glands  of  crab  lice  causes  the  formation 
of  bluish  spots  on  the  skin.  The  presence  of  these  spots  on  the 
body  is  a  characteristic  of  the  infection  of  man  with  crab  lice. 

When  sucking  blood  the  louse  excretes  from  the  anus  one  or  several 
drops  of  fecal  matter  or  undigested  blood,  which  in  the  air  thickens 
and  becomes  fastened  to  the  skin. 

The  itching  from  the  bites  of  the  lice  causes  scratching,  which 
spread  the  various  microflora,  as  a  result  of  which  there  can  develop 
eczema,  pyoderma  (furunculosis,  impetigo  and  others).  In  the  presence 
of  lousiness  of  the  hairy  part  of  the  head  nits  are  detected  near 
the  base  of  the  hairs,  mainly  on  the  occipital  and  temporal  part  of 
the  head  (more  frequently  in  women  and  children).  As  a  result  of 
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the  bites,  scratching  and  excretion  weeping,  cortical,  impetigerous 
eczema  develops;  also  observed  are  individual,  pustular  eruptions  on 
the  face,  pyococcuc  intertrigo  behind  the  ears,  conjunctivitis, 
blepharitis  and  enlargement  of  the  neck  and  submaxillary  nodes; 
copious,  serous-purulent  secretion  sticks  the  hairs  together  and 
a  matted-like  mass  is  formed  -  plica  polonlca. 

Body  lice  from  the  folds  of  underclothing  pass  over  for  feeding 
to  the  body  of  man,  especially  in  those  places  where  the  clothing  are 
in  close  connection  with  the  body  (at  the  collar,  in  the  lumbar  region 
and  others ) . 

In  the  lumbar  region  and  in  other  places  scratching  and  pyoderma 
are  observed.  Furthermore,  i.i  the  region  of  the  shoulder  blades, 
the  shoulders,  waist,  the  internal  surfaces  of  the  hips,  and  sometimes 
other  sections  of  the  skin  becomes  a  dry,  dirty-brown  color,  exfoliates 
is  covered  with  old  (white  colored)  scars  and  also  fresh  scars  with 
scratchlngs  and  crustae.  These  data  indicate  that  lousiness  in 
most  cases  can  be  easily  determined  by  these  symptoms. 

With  the  presence  of  crabe  lice,  they  are  first  looked  for  on 
the  skin  of  the  pubes.  They  are  encountered  also  on  the  chest, 
in  the  armpit  cavities,  in  mustaches,  in  beards,  on  eyelashes,  eyebrows 
and  on  children  on  the  hairy  part  of  the  head.  Crab  lice  are  firmly 
fastened  by  their  proboscis  to  the  orifice  of  hair  follicles,  and  by 
the  front  legs  to  the  hairs.  Infestation,  as  a  rule,  occurs  during 
sexual  intercourse. 

Besides  microbes  pathogenic  to  man  in  the  organism  of  lice 
there  are  also  contained  symbionts.  The  symbionts  which  harmless  to 
lice  and  man  are  necessary  to  maintain  the  existence  of  lice.  Without 
'tijem  the  nutrition  of  the  Insect  and  its  ability  to  reproduce  are 
severely  reduced.  The  symbionts  have  the  form  of  a  long  bacillus, 
and  are  contained  in  the  organism  of  the  lice  in  the  mycetome  known 
under  the  name  of  the  "abdominal  disk."  This  small  formation  has  a 
spherical  or  oval  form;  it  lies  in  the  ventral  wail  of  the  mid-gut, 
right  on  the  mid-line  of  the  Insect  body,  somewhat  nearer  to  the  anal 


end  than  to  the  head.  The  abdominal  disk  consists  of  cells  derived 
from  the  mid-gut  and  is  covered  on  the  outside  with  a  layer  of  mesoder¬ 
mal  tissue. 

Symbionts  are  transmitted  to  the  following  generation  of  lice  by 
penetrating  into  the  egg  through  ovular  petiole. 

The  Epidemiological  Significance  of  Lice 

Body  and  head  lice  have  great  epidemiological  significance. 

Lice  are  carriers  of  pathogenic  agents  of  exanthematous  ahd  recurrent 
typhus,  Volhynla  fever,  and,  according  to  certain  authors,  in  experiment 
of  lice  can  transmit  the  pathogenic  agents  of  tick  typhus  of  Northern 
Asia  and  Marseille  fever.  The  pubic  louse  does  not  have  great 
epidemiological  significance.  The  basic  role  in  the  transmission  of 
parasitic  typhus  belongs  to  body  lice,  they  are  readily  infected  with 
rlckettslae  of  both  epidemic  and  also  exanthematous  rat  typhus. 

Epidemic  typhus  was  first  described  by  Pracastero,  however  for 
a  long  time  many  objections  were  advanced  against  acknowledging  this 
disease  as  Independent.  The  questl(^n  was  finally  solved  as  a  result 
of  the  investigation  of  Jenner  Edward  in  I850  and  others,  who 
showed  that  exanthematous  typhus  is  a  special  specific  disease, 
differing  from  abdominal  and  recurrent  typhus. 

0.  0.  Mochutkovskly  in  1875,  who  Infected  himself  with  the  blood 
of  an  exanthematous  patient,  showed  that  the  pathogenic  agent  of  this 
infection  is  in  the  blood.  This  experiment  has  been  successfully 
repeated  by  a  number  of  authors  on  man  and  apes. 

G.  N.  Mlnkh  in  1871  expressed,  and  in  1878  published  his  data 
about  the  significance  of  lice  in  transmitting  the  pathogenic  agent 
of  exanthematous  typhus.  In  1909  Sh.  Nlkol’  (Nlcolle  Charles) 
confirmed  these  data.  Rickets  in  1910  detected  in  the  intestines  of 
body  lice.  Infected  with  Mexican  typhus,  oval  and  bacllllform  forma¬ 
tions  reminiscent  of  the  bacteria  of  hemorrhagic  septicemia. 

Identical  formation  were  found  in  exanthematous  typhus  louse  by 
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Prowazekli  (1913)  and  others,  as  a  result  of  which  the  pathogenic 
agent  of  exanthematous  typhus  began  to  be  called  rickettsia  Prowazekii 
which  in  size  is  larger  than  a  virus  and  smaller  than  bacteria;  the 
young  forms  have  a  length  of  0.3-0. 4  y  (when  dividing  0.6-0. 9  y).  In 
both  arthropods  and  also  mammals  pathogenic  rickettsiae,  as  a  rule, 
are  intracellular  parasites  causing  harm  to  the  Insect.  In  lice 
rickettsiae  multiply  in  the  cells  covering  the  Internal  walls  of 
the  intestines.  Rickettsiae  from  the  lice  organism  are  excreted 
together  with  the  fecal  matter.  Rickettsiae  do  not  penetrate  into  the 
hemolymph  of  lice;  they  do  not  occur  in  the  salivary  glands.  Outside 
of  the  organism  rickettsiae  can  be  preserved  up  to  66  days;  in  dead 
lice  up  to  J  days.  The  overwhelming  majority  of  other  pathogenic 
rickettsiae  dies  rapidly  in  environment  with  the  exception  of 
rickettsiae  Bernet  (to  the  pathogenic  agent  of  Q  fever).  However 
under  specially  created  conditions  they  can  remain  for  a  long  time 
in  a  viable  state  (in  a  dried  state  in  a  vacuum).  In  a  humid  medium 
rickettsiae  die  rapidly  at  a  temperature  of  50-70®;  at  low  tempera¬ 
tures  (from  -20  to  -70®)  they  remain  viable  for  a  long  time. 

Rickettsiae  Prowazekli  in  the  dry  feces  of  exanthematous  typhus  lice 
on  the  hairs  of  sheepskin  can  survive  for  12  months  and  23  days.  Under 
laboratory  conditions  with  a  considerable  number  of  rickettsiae  in 
the  air  they  easily  penetrate  into  the  human  organism  through  mucous 
membrane  of  eyes  and  respiratory  tract,  as  a  result  of  which  the 
disease  appears.  The  rickettsiae  from  one  laboratory  can  penetrate 
into  neighboring  premises  through  the  ventilation  system  or  even 
through  cracks. 

According  to  A.  A,  Bereznyakova,  rickettsiae  of  exanthematous 
typhus,  rat  typhus,  located  outside  the  organism  of  lice  are  nonresls- 
tant  to  the  effect  of  high  temperature  and  dlslnfectional  preparations. 
Chloramine  solutions  at  a  O.ljf  concentration  completely  Inactivate 
the  rickettsiae  of  exanthematous  and  rat  typhus  outside  the 
organism  of  a  carrier  In  2  minutes.  Solutions  of  formalin,  lysol 
and  carbolic  acid  at  a  0.5%  concentration  Inactivate  the  rickettsiae 
of  exanthematous  and  rat  typhus  after  30,  10,  and  5  minutes 
respectively.  Thus,  for  ihe  destruction  of  rickettsiae  located 
outside  the  lice  organism,  the  most  reliable  agent  is  temperature. 

Of  the  chemical  agents  for  this  purpose  It  Is  possible  to  use 
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chloramine,  lysol  and  phenol  at  the  concentrations  and  exposures 
officially  recommended  for  disinfection. 

Recurrent  typhus  has  existed  from  time  immemorial.  It  was  first 
described  as  a  mass  disease  in  18^13.  The  pathogenic  agent  of  recur¬ 
rent  -  Splrochaeta  was  discovered  by  Obermeler  in  1868  and  was 
described  in  1873,  and  as  a  result  the  pathogenic  agent  of  recurrent 
typhus  was  called  Splrochaeta  Obermeler. 

Splrochaeta  Obermelera  is  a  filiform,  spirally  bent  microorganism 
with  a  small  number  of  curls  (up  to  5,  rarely  more).  The  length  of 
Splrochaeta  is  10-40  y;  the  thickness  is  0.25-0.5  ii.  Splrochaeta 
Obermelera  dies  at  45-48°  after  30  minutes.  At  0°  It  remains  viable 
up  to  3  days,  when  frozen  —  up  to  8  hours;  at  room  temperature  In 
liquid  media  -  up  to  14  days  (in  sealed  tubes). 

In  1874  the  Russian  scientist  G.  N.  Minkh  infected  himself  with 
the  blood  of  patients  and  became  ill  with  recurrent  typhus.  In  this 
way  he  proved  that  the  pathogenic  agent  of  the  infection  circulates 
in  the  blood.  In  I876  Minkh  in  Russia  first  paid  attention  to  the 
role  of  insects,  as  transmitters  of  the  pathogenic  agents  of  contagious 
diseases,  in  particular  of  exanthematous  and  recurrent  typhus.  All 
over  the  world  for  a  long  time  there  has  been  studied  the  possibility 
of  the  transmission  of  the  pathogenic  agent  of  recurrent  typhus 
by  such  insects,  as  bugs,  fleas,  mosquitoes,  ticks,  lice.  As  a 
result  it  was  established  that  the  louse  is  the  insect,  which 
transmits  the  pathogenic  agent  of  this  infection  from  the  sick  to 
the  healthy,  when  a  patient  has  been  infected  with  recurrent  typhus 
mainly  in  the  feverish  period;  in  the  apyrexlce  period  the  possibility 
of  infecting  lice  is  minimum.  In  a  study  of  the  role  of  insects  in 
the  transmission  of  the  pathogenic  agent  of  recurrent  typhus  Nlcol 
and  others  on  5  volunteers  showed  that  not  one  of  them  in  the 
experiment  for  21  days  got  sick  in  spite  of  the  fact  that  one  of 
the  volumteers  recleved  129  lice  bites,  another  -  377,  the  third  - 
485,  the  fourth  -  4707,  and  the  fifth  -  6515. 
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It  was  subsequently  shown  that  only  5-9  days  after  sucking  a 
patient  the  louse  becomes  able  to  Infect  a  healthy  person.  Further¬ 
more,  It  Is  established  that  Splrochaetae  Obermelera  In  large 
numbers  are  encountered  In  lacunary  cavities  In  the  hemolymph  of  lice, 
and  a  mass  of  them  accumulates  In  the  hemolymph  of  the  tarsi. 
Apparently,  all  three  species  of  lice  can  be  carriers  of  recurrent 
typhus.  However,  the  role  of  pubic  lice  as  compared  to  body  and 
head  lice  is  Insignificant.  In  the  sucking  of  the  blood  of  an 
Infected  person  the  female  Is  mainly  contaminated;  the  number  of 
contaminated  females  Is  approximately  The  Infection  of  man  occurs 

not  as  a  result  of  the  Injections  of  lice,  but  as  a  result  of 
crushing  It  (or  only  Its  paws  and  antennae).  As  a  result  of  scratching 
Into  the  wound  from  the  Injection  or  excoriation  from  the  scratching 
the  hemolymph  (the  coelom  liquid)  of  the  Injured  or  crushed  louse 
containing  a  large  number  of  Splrochaetae  Is  rubbed  In.  A  louse 
preserves  Its  ability  to  Infect  man  for  15-25  days.  The  pathogenic 
agent  of  the  Infection  Is  not  transmitted  to  the  offspring  of  lice. 

Infecting  with  recurrent  typhus  is  more  difficult  than  with 
exanthematous  typhus.  This  difficulty  Is  caused  by  the  necessity  of 
combining  the  crushing  of  the  louse  and  disturbing  the  integuments 
of  the  skin  of  man  which  also  explains  why  recurrent  typhus  is  less 
widespread. 

Exanthematous  and  recurrent  typhus  are  mass  and  threatening 
diseases.  They  strike  a  large  number  of  people,  especially  In 
wartime,  when  the  possibility  of  observing  the  elementary  rules  of 
personal  hygiene  Is  absent  and  because  of  the  deficiency  of  dwellings 
people  have  to  sleep  close  to  one  another.  Such  a  situation  in 
previous  centuries  was  created  in  the  armies  of  a  number  of  countries, 
because  during  war  large  subdivisions  of  troops  were  repeatedly 
Incapacitated  In  units  and  the  army  as  result  of  diseases;  these 
losses  were  considerably  greater  than  those  due  to  combat  fighting 
Itself. 
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In  the  propagation  of  rat  rickettsiosis  (rat  or  endemic  typhus) 
among  wild  rodents,  besides  fleas,  apparently,  rat  lice  also  have 
significance. 

Under  certain  conditions  rat  typhus  can  become  epidemic  for 
man  and  oe  transmitted  from  an  Infected  person  to  a  healthy  one  by 
body  louse  Just  like  classical  typhus. 

The  transmission  of  rlckettsla  by  lice  or  fleas  occurs  through 
the  contamination  of  the  bite  site  by  highly  Infected  insect  defecation. 
Rickettsiae  of  Volhynla  fever  in  the  dried  stomachs  of  Infected  lice 
are  preserved  up  to  2j  years. 

The  main  role  In  the  transmission  of  so-called  "trench  (Volhynla)” 
fever  from  man  to  man  Is  played  by  body  lice. 

Lice  feeding  on  a  person  111  with  trench  fever  become  infected 
within  5-9  days,  but,  once  they  have  become  Infected  they  remain 
Infected  for  at  least  4  months.  Persons  ill  with  trench  fever  can 
preserve  the  ability  to  Infect  lice  feeding  on  them  for  not  less 
than  443  days  after  the  beginning  of  the  disease.  The  pathogenicity 
of  lice  defecation  Is  very  great.  Lice  can  transmit  t.he  disease 
either  by  biting,  or  by  Introducing  of  defecation  into  scratched 
skin.  It  is  possible  to  cause  Infection  by  placing  the  hands  on 
the  mucous  membrane  of  the  eyes. 

Lice  excrete  the  pathogenic  agent  of  the  Infection  with  their 
excrement  for  60  days.  The  virus  is  not  transmitted  to  lice  offspring. 
The  pathogenic  agent  of  the  Infection  can  be  preserved  In  the  feces 
of  lice  for  up  to  4  months.  Rickettsiae  of  Volhynla  fever  die  at  an 
air  temperature  of  60°  within  5  minutes.  Heating  in  a  humid  medium 
at  50°  for  30  minutes  also  brings  about  the  death  of  rlckettslae. 

With  an  increase  of  temperature  to  70  the  rlckettslae  die  within 
2  minutes.  As  a  result  of  the  application  of  s^eam  (99-100®)  the 
rlckettslae  of  Volhynla  fever  die  within  3  minutes.  This  species 
of  rlckettslae  is  also  nonresistant  to  chemical  agents;  a  0.5% 
solution  of  chloramine  activates  the  rlckettslae  In  5  minutes,  a  0.51 


solution  of  formalin  in  30  minutes,  a  G.3%  solution  of  lysol  -  in 
10  rainutes,  a  0.5$  solution  of  carbolic  acid  -  in  10  minutes.  The 
etiology  of  trench  fever  has  not  as  yet  been  completely  studied. 

The  majority  of  authors  classifies  the  pathogenic  agent  of  this 
infection  among  the  rlckettslae.  The  source  of  the  Infection  is 
a  person  ill  with  this  disease. 

This  infection  mainly  strikes  soldiers  located  in  trenches  and 
this  is  /(by  it  has  been  called  trench  fever.  The  disease  arises  in 
the  presence  of  unsatisfactory  sanitary  conditions. 

Salmonellal  survive  in  lice  and  their  excrement  in  large  numbers 
for  more  than  a  year  (sometimes  ^  years).  It  was  possible  to  infect 
lice  by  letting  them  feed  on  rabbits  whlct  fere  sick  with  bacteremia. 

But  the  transmission  of  the  Infection  to  healthy  animals  was  not 
observed.  Experiments  with  membranes  showed  that  lice  cannot  transmit 
salmonellae  through  a  ouncture.  If  the  lice  are  Infected  by  feeding 
sick  animals,  in  the  blood  of  which  there  are  contained  more  than  a 
thousand  microorganisms  per  mg,  then  they  can  transmit  samonellae  in 
the  same  way  as  they  transmit  the  pathogenic  agents  of  recurrent 
cyphus  (Melner  and  others). 

Besides  pathogenic  rlckettslae,  intracellularly  and  extracellularly 
in  the  intestinal  tract  of  lice  there  are  also  encountered  nonpatho- 
genic  ones,  ch  as  Rickettsia  rochalimae  Weige,  Rickettsia  Weige 
(unclassified  rlckettsicsis )  There  is  also  encountered  (in  focuses) 
plague  bacillus,  but  there  is  no  proof  of  their  transmission. 

In  the  organisms  of  body  and  pubic  lice  caught  on  patients  with 
leprosy  there  is  encountered  the  pathogenic  agent  of  leprosy. 

The  pathogenic  agents  of  bacillary  Infection  of  lice  have  also  been 
detected  in  the  fecal  matter.  The  gram-negative  coccusbacterium 
(Bacillus  pedieml)  is  considered  a  parasite  of  the  copulative 
apparatus;  it  is  most  frequently  detected  in  the  vesica  penis  folds 
cf  the  male,  and  also  in  the  vagina  and  the  ducts  leading  go  the 
ovaries  of  the  female. 
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In  the  organisms  of  body  and  head  lice  there  are  also 
encountered  staphylococci  and  other  cocci  (Steinhaus). 

Measures  for  Combatting  Lice 

"aterlal  guarantees,  a  high  cultural  level  and  hygienic 
awareness  among  the  population  exclude  the  development  of  lousiness. 

At  presrnt  throughout  the  world  the  problem  of  controlling  pediculosis 
has  still  not  lost  Its  significance.  In  the  Soviet  Union  all  necessary 
measures  are  being  taken  to  eliminate  lice  as  a  biological  species. 
There  Is  no  doubt  that  with  the  elimination  of  pediculosis 
exanthematous  and  recurrem.  typhus  will  vanish  from  the  earth. 

With  the  presence  of  lousiness,  which  is  possible  among 
individual  groups  of  people,  special  measures  are  being  conducted. 

The  latter  according  to  their  character  are  divided  into  prophylactic 
measure,  or  those  preventing  the  appearance  of  lousiness,  and 
exterminatory.  Furthermore,  besides  hygienic  measures,  various 
chemical  agents  are  being  employed. 

Of  the  chemical  agents  for  the  destruction  of  lice  it  Is  possible 
to  use  DDT,  carbophos  (malathlon)  at  a  0.5!^  concentration  as  an  ovicide 
and  at  a  0.1?  concentration  against  adult  forms,  acetophos  (V.  D. 
Larionova;,  nexachlorane  and  Its  ganma-isomer ,  sevln,  pyrethrum, 
kerosene,  acetic  acid  (dilute)  and  other  insecticides,  which  are 
nontoxic  to  mammals. 

Of  the  6o  derivatives  of  carbamlc  acid  the  one  with  the  greatest 
toxicity  to  lice  Is  sevin.  On  wool  fabric  treated  with  a  0.0025? 
acetone  solution  of  sevin  or  dusted  with  1?  disinfecting  powder, 
all  lice  die. 

In  the  United  States  for  the  destruction  of  lice  there  Is  also 
recommended  the  powder  "Mil”  which  contains  0.2?  pyrethrin,  2? 
sulfoxide  (synergist),  2?  2 ,^-dlnltronlzole  (ovicide)  and  0.1? 
phoncl  "S"  (antioxidant).  This  composition  Is  effective  in  combatting 
resistant  lice.  It  Is  recommended  that  two  treatments  be  conducted 


with  a  week  Interval.  Another  preparation  "Nbln"  contains  6B% 
benzyl  benzoate,  l^%  emulsifier  (tween),  \2%  benzocaine  and 
DDT.  For  preparlne  an  emulsion  one  part  of  the  concentrate  is 
diluted  In  5  parts  water.  Before  using  the  mixture  is  thoroughly 
agitated.  In  treating  the  head  the  hair  Is  thoroughly  moistened. 

The  application  of  this  mixture  leads  to  the  destruction  of  lice  In 
all  stages  of  development.  After  applying  the  preparation  the  head 
Is  not  washed  for  8-10  days;  the  residual  action  is  preserved  for  2 
weeks.  For  combatting  crab  lice  freon  aerosols  are  used.  Derrls 
Is  also  recommended. 

As  a  result  of  the  prolonged  application  of  these  same  Insectici¬ 
des  the  sensitivity  of  lice  to  them  considerably  decreases.  The 
appearance  of  which  are  resistant  to  chlorinated  Insecticides  is  an 
indisputable  fact.  Information  about  the  appearance  of  DDT  resistance 
In  body  lice  in  places,  where  this  preparation  is  widely  used  appeared 
for  the  first  time  In  the  foreign  press  in  1950-1951  and  continues 
to  appear  at  the  present  time.  The  lowering  of  the  sensitivity 
of  lice  to  Insecticides  occurs  slowly.  Resistance  becomes  noticeable 
with  their  cultivation  on  tissues  only  after  5-10  generations.  Thus, 
for  example,  L.  N.  Pogodin  cultivated  body  lice  on  tissue  containing 
DDT,  with  the  gradual  Increase  of  its  concentration.  After 
years  the  lice  remained  viable  on  tiisues  containing  DDT  In  amounts 
2000  times  greater  than  at  the  beginning  of  the  experiment.  An 
attempt  to  develop  resistance  to  malathion  during  a  period  of  44 
generations  gave  negative  results. 

According  to  Cole  and  others  races  of  body  lice  which  are 
resistant  to  DDT  do  not  lose  their  resistance  for  a  period  30 
generations.  Races  of  such  Insects  are  also  more  resistant  to 
other  insecticides.  Including  sevln. 

Prophylactic  measures  consist  In  carrying  out  the  normal 
requirements  of  personal  and  public  hygiene.  One  of  the  most 
important  sanitary-hygienic  requirements  Ic  the  observance  of  the 
rules  of  personal  hygiene  and  the  systematic  changing  of  underclothing 
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not  less  frequently  than  once  In  7-10  days  with  the  subsequent 
washing  of  them  which  has  basic  significance  In  the  prophylaxis  of 
lousiness.  This  makes  It  possible  not  only  to  prevent  the 
appearance  of  lice,  but  also  to  eliminate  them  In  those  cases, 
where  they  have  appeared.  Among  the  measures  for  the  prevention 
of  lousiness  there  Is  also  the  proper  organization  of  a  network  of 
baths,  laundries  and  barbershops.  Of  special  Importance  In 
preventing  the  propagation  of  lousiness  Is  the  thorough  observance 
of  sanitary  conditions  In  dormitories,  hotels,  apartment  houses, 
rest  rooms,  railroad  passenger  cars  and  other  public  places.  The 
prophylactic  measures  against  exanthematous  and  recurrent  typhus 
should  guarantee  the  detection  and  the  complete  elimination  of 
cases  of  lousiness  among  a  given  population. 

The  detection  of  cases  of  lousiness  should  be  carried  out  In  • 
an  active  manner: 

a)  during  medical  examinations  of  patients  In  medical-prophylactic 
institutions ; 

t)  during  sanitary  examinations  of  organized  children  populations 
(childrens'  Institutions,  schools,  pioneer  camps,  etc.); 

c)  by  observing  groups  living  in  dormitories  and  groups  ■^n 
which  the  composition  is  continually  changing. 

Depending  upon  the  epidemiological  indications  sanitary  treatments 
of  these  contingents  are  carried  out.  In  cases  of  the  detection 
of  patients  with  pediculosis  during  an  examination  the  information 
is  transmitted  from  the  place  of  residence  of  the  infected  person 
to  a  sanitary-epidemiological  station  or  to  the  sanltary-epldemlological 
section  of  the  regional  hospital  for  the  carrying  out  of  the  necessary 
measures  in  the  family  of  the  person  with  pediculosis. 

With  the  nonobservance  of  a  hygienic  regime  and  ,he  presence 
of  conditions  conducive  to  the  spread  and  development  among  individual 
groups  of  a  population  (under  conditions  of  march  life,  under 


overcrowded  conditions,  with' a  deficiency  of  linen,  and  with  irregular 
washing),  it  is  necessary  along  with  the  carrying  out  of  prophylactic 
measures  to  carry  out  a  systematic,  sanitary  treatment  of  the 
population.  By  sanitary  treatment  is  implied  a  complex  of  sanitary 
measures  directed  towards  the  simultaneous  destruction  of  lice  ct 
the  hairy  parts  of  the  head  and  body  of  man,  on  his  linen,  clothing 
(under-  and  cuter-),  beds  and  in  his  dwellings. 


The  dec- ruction  of  lice  on  the  human  body.  Before  beginning 
sanitary  treatment  at  sanltary-delousing  stations  the  persons  to  be 
subjected  to  treatment  are  first  examined  for  the  detection  of  lousi¬ 
ness  on  the  hairy  parts  of  the  body.  Washing  the  body  with  hot  water 
with  soap  promotes  the  mechanical  removal  mainly  of  body  lice,  which 
are  readily  washed  off  with  water.  The  nits  on  the  hairy  parts  of 
the  body  upon  washing  with  soap  and  a  piece  of  base  (or  a  coarse 
rag)  are  to  a  great  extent  washed  off.  It  is  considerably  more 
difficult  to  gat  rid  of  head  lice,  With  the  presence  of  long  hair 
it  is  absolutely  impossible  to  free  the  hair  from  nits  by  simply 
washing  the  head.  Therefore  with  the  presence  of  head  lice  the 
hair,  if  this  is  possible,  is  cut  with  a  machine  or  treated  with 
insecticides  which  are  harmless  to  man  with  such  an  application 
(pyrethrum  powder,  10$  DDT  disinfecting  powder,  6%  hexachlorane 
disinfecting  powder,  carbophos  disinfecting  powder,  metaphos  prepara¬ 
tions,  DPA  disinfecting  powder,  kerosene  emulsions,  soap  DDT  and 
HCCH).  The  powders  are  rubbed  into  the  roots  of  the  hairs.  If 
the  treatment  of  the  head  is  carried  out  at  a  sanltary-delousing 
station  then  the  disinfecting  powder  is  not  washed  off  for  at  least 
30  minutes.  In  the  case  of  treating  the  head  under  hc^’ie  conditions 
the  head  is  treated  in  the  evening  before  sleep,  after  which  it  is 
tightly  wrapped  in  a  kerchief  and  left  wrapped  for  2-3  hours  or  better 
still  until  morning  —  for  8-12  hours  (Pig.  10).  Then  the  insecticide 
is  washed  off  or  only  brushed  out.  The  DPA  dlslnlecting  powder 
is  not  washed  from  the  hair  for  2-3  days.  The  expenditure  of  powdered 
agent  for  treating  the  head  is  10-15  g. 


For  successfully  combatting  lousiness  it  is  possible  to  use 
soap  containing  5%  DDT  or  3$  hexachlorane,  and  the  wasning  of  the  body 
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and  head  are  carried  out  in  the  same  way  as  with  household  soap : 
the  hairy  parts  of  the  head  are  usually  left  soaped  for  20-30  minutes, 
and  then  the  soap  is  rinsed  off;  the  expenditure  of  soap  for  one 
washing  is  50  g.  For  the  purpose  of  destroying  head  lice  it  is 
possible  to  use  an  ointment  3-5%  acetophos  at  a  rate  of  10-40  g  per 
head.  The  ointment  Is  washed  off  after  30-60  minutes. 


Fig.  10.  -The  application  of  a  dressing  for 
treating  a  llce-infected  head. 

It  is  possible  to  treat  the  head  with  a  2%  solution  of  soap  K. 

Also  used  is  a  soap-kerosene  emulsion.  In  which  there  are  45  parts 
kerosene.  In  using  liquid  Insecticides  and  ointments  the  hair 
Is  profusely  moistened  and  the  preparation  Is  rubbed  into  the  roots 
of  the  hair;  in  doing  this  It  is  necessary  to  protect  the  eyes  from 
the  preparation.  The  head  Is  wrapped  with  a  kerchief,  which  is  removed 
after  30-40  minutes,  after  which  the  hair  Is  thoroughly  washed  with 
warm  water  and  soap.  The  Insecticide  expenditure  is  80-100  g.  For 
greater  effect  the  hair  If  combed  after  washing. 

For  destroying  lice  In  the  hair  on  the  head  it  Is  recommended 
that  a  headgear  be  treated  on  the  Inside  with  2%  alcohol  solutions 
of  one  of  the  following  preparations:  DDT,  the  gamna-lsomer  of  hexa- 
chlorane,  carbophos,  DDVP,  a  5%  solution  of  acetoxon.  It  Is  also 
possible  to  use  other  insecticides  which  are  not  to:clc  to  man. 

Highly  effective  are  the  preparations  of  acetophos,  which  are  used 
3n  the  form  of  3-5%  insecticidal  ointments  with  a  vaseline  filler, 
a  cleansing  agent  with  shampoo  and  Eau-de-Cologne  also  containing  5% 
acetoxon . 
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In  order  to  get  rid  of  pubic  lice,  the  hair  on  the  pubes,  legs, 

In  the  armpits,  and  also  on  the  face  (beard,  mustache)  should  first 
of  all  be  shaved  and  gray  mercury  ointment  should  be  rubbed  Into  the 
shaved  places;  the  ointment  can  also  be  rubbed  Into  the  parts 
of  the  body  affected  by  the  public  lice  without  the  preliminary 
shaving.  After  2-3  days  the  ointment  is  washed  off  and  when  necessary 
it  is  rubbed  in  a  second  time.  It  is  also  possible  to  get  rid  of 
pubic  lice  by  dusting  the  hairy  parts  of  the  body  with  preparations 
of  carbophos,  acetophos,  pyrethrum,  DPA  disinfecting  powsers  and 
DDT  powder  and  by  rubbing  them  into  the  roots  of  the  hairs.  The 
powder  sh>iuld  not  be  washed  off  for  2-3  days. 

In  destroying  lice  it  is  also  possible  to  use  soap-kerosene 
emulsion  (1:1).  A  10%  emulsion  is  rubbed  into  the  hairy  parts  of 
the  body.  After  treating  the  hair  of  the  head  it  is  wrapped  with 
a  kerchief  for  15-20  minutes,  after  which  it  is  washed  with  hot 
water.  A  soap-solvent  emulsion  is  used  in  exactly  the  same  way  as 
soap-kerosene  emulsion. 

An  effective  method  of  destroying  blood-sucking  Insects  is  by 
acting  on  them  through  the  host.  This  method  is  useful  first  of  all 
for  combatting  ectoparasites  of  rodents.  Recently  a  number  of 
authors  has  recommended  this  method  for  combatting  lice  on  man 
(V.  T.  Oslpyan,  V.  S.  Kazhdan,  M.  D.  Dunayeva  and  others).  This 
method  of  combatting  blood-sucking  insects  was  accidentally  discovered 
in  1956.  It  has  been  established  that  the  preparation  which  is 
being  widely  applied  in  practice  when  introduced  into  the  human 
organism  Imparts  to  the  blood  of  the  latter  insecticidal  properties 
with  respect  to  body  lice.  For  the  purpose  of  disinfestation  the 
preparation  is  taken  Internally;  preferably  after  food,  according  to 
the  following  instructions:  1)  according  to  the  instructions  of 
the  Institute  of  Epidemiology  and  Microbiology  Im.  N.  F.  Gamaley  - 
the  dosage  application  is  0.3  g  2  times  per  day  for  2^  days  (a 
total  of  5  times);  for  adult  treatment  there  is  expended  1.5  g  of 
the  preparation;  2)  according  to  the  instructions  of  the  L'vov 
Institute  of  Epidemiology,  Microbiology  and  Hygiene  a  single  application 


for  adults  Is  1  g  per  time  and  It  Is  repeatedly  taken  at  the  same 
dosage  for  10  days;  for  children  from  1  to  7  years  old  It  Is  not  used 
(G.  S.  Moslng). 

The  mass  destruction  of  lice  was  noted  toward  the  end  of  the  2nd 
day.  The  duration  of  the  Insecticidal  effect  was  equal  to  15  days. 

Of  the  three  derivatives  pyrazolane-anturane ,  butallon,  and  tenderll 
received  In  the  experiment  the  greatest  Insecticidal  effect  was 
brought  about  by  the  latter  (L.  A.  Pavorova  and  G.  P.  Golgov);  this 
preparation  has  an  insecticidal  effect  on  lice  In  doses,  2-3  times 
smaller  than  butadion  (a  single  dose  of  0.2  g  of  tenderll  kills  lice 
for  a  period  of  2-5  days).  The  most  rational  application  of  the 
preparation  for  Insecticidal  purposes  was  three  times  with  Intervals 
of  4  days  at  a  rate  of  0.2  g  per  dose  which  provides  an  Insecticidal 
effect  In  the  blood  for  12-13  days. 

After  taking  the  preparations  complications  were  observed  in 
Individual  cases  In  the  form  of  nausea,  vomiting,  pain  In  the  stomach 
region,  skin  rash,  dizziness.  The  side-effects  were  short-term. 

The  contraindications  were  diseases  of  the  hemopoietic  organs,  the 
liver  and  kidneys,  stomach  and  duodenal  ulcers,  decompensation  of 
cardiac  activity. 

These  preparations  can  be  used  for  combatting  lousiness  only 
In  the  exceptional  case,  l.e.,  when  there  is  no  possibility  of  using 
other  methods  and  agents.  We  assume  that  this  method  of  combatting 
lousiness  Is  Incorrect  In  principle  and  cannot  be  recommended  for 
broad  application. 

Disinfestation  of  linen  and  other  articles.  Linen  Is  best  of 
all  subjected  to  boiling  In  a  1-2%  solution  of  soda  for  15  minutes 
or  steeping  (at  a  rate  of  1  kg  of  linen  per  4  i  of  liquid)  In  a  ll 
emulsion  of  DDT,  a  IX  aqueous  solution  of  acetlon,  a  5-102  solution 
of  lysol,  naphthalysol,  soap-kerosene  liquid.  In  a  2%  emulsion  of 
soap-K,  preparation-SK  for  2-3  hours. 
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For  delouslng  linen  disinfecting  powders  are  used,  containing 
one  of  these  preparations:  10^  DDT,  5?  acetophos,  2.5J5  sevin,  1% 
carbophos  (malathlon) ,  1%  gamma-isomer  of  hexachlorane ,  pyrethrum 
powder  (the  property  of  pyrethrum  is  not  stable).  They  use  20-30  g 
for  a  few  pieces  of  linen  or  the  linen  is  washed  with  DDT  soap.  The 
expenditure  of  soap  is  30  g  per  kg  of  linen  for  hand  washing  and  20 
g  for  mechanical  washing.  Toxicological  experiments  showed  that  1-5% 
malathlon  disinfecting  powders  are  safe  for  people  whan  carrying  out 
treatment  5  times  per  week  with  60-80  g  of  disinfecting  powder  for 
each  few  pieces  of  linen.  Pyrethrum  powder  is  ineffective  in 
combatting  lice,  but  if  one  treats  with  an  extract  and  inert  fillers, 
as,  for  example,  pyrophylllte ,  then  such  powders  are  highly  effective 
in  combatting  lice. 

Clothing  and  soft  objects  (pillows,  mattresses,  blankets),  being 
used  by  persons  passing  through  sanitary  treatment  and  also  members 
jf  their  families  not  having  been  at  a  sanitary  station  are  brought 
to  dlslnfestatlonal  chambers  (when  it  is  impossible  to  disinfect 
them  at  the  site).  The  disinfestation  of  clothing  is  carried  out  in 
dlslnfestatlonal  chambers,  by  the  gas  method,  by  spraying,  by  dusting 
and  other  methods.  For  the  disinfestation  of  clothing  at  a  center  or 
sanitary  point  there  are  used  for  spraying  solvents,  emulsions  of  DDT, 
carbophos,  and  others.  When  using  a  solvent  the  articles  are  sprayed 
on  the  inside,  are  rapidly  folded  and  placed  in  tightly  closed  boxes, 
chests,  or  rubberized  sacs.  It  is  possible  to  Impregnate  sheets  of 
paper  with  a  solvent,  which  are  then  placed  between  the  various  layers 
of  articles;  articles  with  the  paper  sheets  are  also  packed  in  boxes, 
chests,  and  rubberized  sacs,  and  tightly  closed  for  6-8  hours  and 
placed,  in  a  warm  place  (near  a  stove,  air  heaters  and  so  forth). 

The  expenditure  of  solvent  is  calculated  at  30-^0  g  per  kg  of 
articles  or  100-250  g  per  set.  In  working  with  a  solvent  one  must 
observe  fire  precautions. 

For  the  disinfestation  of  articles  lOj  DDT  disinfecting  powder 
or  pyrethrum  powder  is  used.  Bed  appurtenances  (pillows,  mattresses, 
blankets),  clothes  and  other  wearing  apparel  are  placed  in 
dlslnfestatlonal  chambers  or  treated  with  10)^  DDT  disinfecting  powder 
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or  pyrethrum  powder  on  all  sides  and  stored  In  a  bale.  In  Individual 
cases  these  objects  are  placed  in  sacs  and  disinfected  with  solvent 
vapors.  In  order  that  the  disinfecting  powder  is  evenly  distributed 
over  the  articles,  they  are  beaten  several  times  with  a  stick,  and 
then  left  for  2-3  hours,  after  which  the  disinfestation  is  considered 
completed. 

For  the  complete  treatment  of  the  linen,  clothes  and  bed  appur¬ 
tenances  of  one  man  from  140  to  175  g  of  disinfecting  powder  are 
required;  proceeding  at  the  following  rate:  for  one  set  of 
underclothing  20-25  g,  for  a  uniform  or  suit  20-25  g>  for  overcoat, 
topcoat  or  sheepskin  coat  35-40  g,  for  bed  appurtenances  40-50  g, 
for  felt  boots  20-25  g,  for  a  headgear  5-10  g.  When  it  is  not 
nf.'cessary  to  use  the  treated  articles  immediately  they  are  stored 
not  beating  the  disinfecting  powder  from  them  until  they  are  used. 
Usually  soft  articles  treated  with  pyrethrum  powder  and  not  being 
used  preserve  their  insecticidal  properties  for  6-8  days;  articles 
treated  with  DDT  disinfecting  powder  preserve  their  insecticide 
properties  for  several  years  (L.  N.  Pogodina). 

In  the  absence  of  disJ nfestatlonal  chambers  and  chemical 
insecticides  soft  articles  can  be  disinfected  by  ironing  with  a  hot 
iron  or  by  thoroughly  cleaning  with  brushes. 

InpreKoatlng  linen  and  wearing  apparel  with  insecticides.  Linen 
after  Impregnation  acquire  insecticidal  properties  for  a  longer 
period  of  time  than  with  treatment  with  disinfecting  powders.  For 
the  purpose  of  impregnating  the  linen  is  submerged  for  30  minutes  in 
a  0.5-l!{  aqueous  emulsion  of  DDT  or  a  2i  aqueous  emulsion  of  soap-K. 
The  expenditure  of  emulsion  per  article  of  linen  is  0.7-0. 8  i  (7-8  g 
of  active  substance),  per  bed-sheet  —  1  i.  After  sdaking  the  linen 
is  wrung  out  and  dried,  preferably  in  the  open  air.  The  linen  is 
treated  with  a  DDT  preparation  and  ironed  in  the  usual  way,  but  linen 
treated  with  soap-K  is  not  Ironed  with  a  hot  iron,  because  the 
prepai-'atlon  is  decomposed  by  this.  Clothing  and  articles  which 
cannot  be  Impx’cgnated  by  submersion,  are  treated  by  moistening. 
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spraying  and  cleaning  with  brushes,  moistened  in  the  disinfecting 
liquid;  in  the  case  of  mass  Impregnation  it  is  possible  to  use  special 
machines,  which  apply  the  preparation  with  the  help  of  a  carding 
machine  (L.  N.  Pogodin). 

In  lice,  which  get  on  clothing  Impregnated  with  DDT,  paralysis 
occurs  within  1-2  hours  with  their  subsequent  death  after  1-2  days . 

Linen  Impregnated  with  a  DDT  preparation  being  worn  preserve  their 
insecticidal  properties  for  more  than  3  weeks  (with  1-2  washings), 
and  linen  located  in  storage,  for  several  years.  Linen  Impregnated 
with  an  emulsion  of  soap-K  preserves  its  insecticidal  properties 
for  10-12  days;  washing  sharply  reduces  the  effectiveness  of  this 
method. 

According  to  M.  I.  Murav'yev,  L.  I.  Brikman,  upon  the  contact 
of  lice  with  hexachlorane  disinfecting  powder  (a  rate  of 
expenditure  of  30  g  per  summer  military  uniform)  for  10-15  minutes 
in  the  Insects  there  occurs  a  period  of  excitation  and  the  majority 
of  them  lose  their  ability  to  feed;  after  45-60  minutes  of  contact 
paralysis  sets  in. 

Prom  contact  with  10|  DDT  disinfecting  powder  all  insects  cease 
to  feed  after  2  hours  and  45  minutes,  whereas  paralysis  occurs 
in  them  5  hours  and  later.  In  treating  clothing  with  insecticide  pen¬ 
cils  containing  40-70<  hexachlorane  with  spaces  between  the  drawn 
bands  of  1.5  cm  in  lice  after  10-15  minutes  excitation  was  observed; 
almost  all  the  lice  lost  the  ability  to  feed  after  15-30  minutes, 
while  with  the  use  of  pencils  containing  4o-70^  DDT  about  half  of  the 
lice  ceased  to  feed  only  after  3  hours  and  30  minutes. 

Upon  contact  with  fabric  treated  with  a  IJt  emulsion  of  hexachlorane 
at  a  rate  of  1-2  g  of  technical  preparation  per  summer  military 
uniform,  lice  lose  the  ability  to  feed  after  15  minutes,  and  with  an 
Increase  of  the  amount  of  preparation  to  5  g  -  after  5  minutes. 

Whereas  with  the  use  of  DDT  emulsion  lice  lose  the  ability  to  feed 
after  c  hours  and  30  minutes. 
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In  the  case  of  detecting  in  lice  of  resistance  to  DDT,  hexachlorane 
and  its  gamma- isomer  1%  carbophos  disinfecting  powder  is  used  (both 
against  imagoes,  and  also  against  the  eggs  of  body  lice).  Because 
of  the  presence  in  carbophos  of  an  ovicidal  effect  a  single  treatment 
is  sufficient.  Such  a  treatment  is  effective  and  safe;  toxicological 
investigations  in  the  United  States  showed  that  l-5f  malathlon  disin¬ 
fecting  powders  are  harmless  for  man  when  treating  5  times  per  week 
with  60-90  g  per  treatment  (for  a  period  of  12-16  weeks).  Carbophos 
and  chlorothion  disinfecting  powders  kill  lice  at  a  O.OOlJt  concentra¬ 
tion. 


With  the  absence  of  resistance  in  head  and  pubic  lice  when 
combatting  them  2  treatments  (with  15-30  g  each)  with  lOj  DDT 
disinfecting  powder  is  sufficient.  For  the  same  purposes  pyrethrins 
with  synergists  in  a  kerosene  base  are  adequate. 

Powders  and  disinfecting  powders  are  carefully  applied  to  the 
internal  surfaces  of  clothing,  especially  to  underclothing,  focussing 
special  attention  on  the  seams  and  plaits.  Usually  sufficient  for 
treating  one  man  are  50  g.  The  treatment  can  be  carried  with  the 
clothing  on  or  off  the  person. 

Inasmuch  as  one  treatment  with  DDT  or  carbophos  is  effective 
for  3-4  weeks,  this  is  usually  limited  to  this  and  it  is  not  repeated. 
With  the  use  of  gamma-isomer  of  hexachlorane,  pyrethrum  or  allethrln 
repeated  treatment  is  required  7-10  days  after  the  initial  treatment 
for  the  purpose  of  destroying  newly  hatched  lice. 

For  destroying  lice  a  soap-kerosene  emulsion  can  be  used  (50 
parts  soap  and  50  parts  kerosene).  Linen  and  other  washable  articles 
are  soaked  in  a  10-20$  aqueous  solution  for  20-30  minutes  and  then 
subsequently  washed. 

Dusting  man  and  his  clothing  with  disinfecting  powders.  When 
treating  without  undressing  automatic  or  hand  dusters  are  used.  The 
technique  of  treating  without  undressing  Is  carried  out  with  dusters 
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by  introducing  the  pipe  or  nozzle  of  the  duster  alterna\;ely  under  the 
collar,  into  the  sleeves,  under  the  belt,  into  footwear  and  under 
headgear.  Disinfecting  powder  is  preserved  on  linen  and  clothing 
for  2-3  days.  It  is  necessary  to  consider  that  with  the  application 
of  the  disinfecting  powder  between  the  underwear  and  the  body  up 
to  70f  of  the  preparation  settles  on  the  body  of  the  man  and  can 
partially  clog  up  the  pores  of  the  skin.  Frequent  treatment  with 
DDQ'  disinfecting  powder  is  not  recommended,,  because  the  possibility 
of  its  harmful  effect  on  man  is  not  excluded.  Inasmuch  as  the 
preparation  can  dissolve  in  the  fatty  lubrication  of  the  skin. 

Data  exist  on  the  possibility  of  combatting  lice  with  fabrics,  made 
fi*om  textile  fibers  of  a  definite  size.  Although  this  method  has 
not  yet  been  substantiated  we  are  giving  certain  cont  derations  to 
the  use  of  this  method. 

The  diameter  of  human  hair  v  rles  from  17  to  170  p;  the  hair 
on  the  body  rarely  exceeds  100  y,  and  on  the  average  is  about  60  y. 
Fabrics  having  fibers  within  these  limits,  gave  the  highest  indices 
of  ontropment  of  lice.  Fibers  with  a  diameter  of  over  200  y  are  not 
very  well  suited  for  the  fastening  of  lice  to  them  and  for  their 
movement  on  them.  Females  are  more  firmly  held  to  fabric  in  the 
presence  of  fibers  with  a  diameter  of  ^3  y,  males  -  25  y. 

In  destroying  lice  by  starvation  linen,  clothing,  and  other 
articles  are  left  in  premises  in  a  tightly  closed  box  for  3  weeks. 

The  alternate  cooling  and  heating  of  clothing  inhibits  the  develop¬ 
ment  of  lice.  Thus,  for  example,  the  development  of  lice  in  nits  is 
prolonged  up  to  5-6  weeks. 

Dlsinfestatlng  premises.  Premises  subjected  to  delousing  are 
washed  with  hot  water  and  soap,  soda  or  alkaline  water,  prepared 
with  an  ash  filler,  or  are  treated  with  insecticides  (liquid,  powdered) 
and  then  they  are  subsequently  cleaned  mechanically  (vacuumed). 

For  the  disinfestation  of  premises  a  5-3?  lysol  solution,  a  10? 
naphthalysol  solution,  a  10?  soap-kerooene  or  soap-solvent  emulsion, 
a  1-2?  emulsion  of  DDT  or  hexachlorane ,  or  a  10?  emulsion  of  alblchtol 


paste.  The  expenditure  of  liquid  insectlces  on  the  average  is  200- 
300  mi  per  of  treated  area.  It  is  also  possible  to  use  lOS  DDT 
disinfecting  powder  and  S-12%  hexachlorane  disinfecting  powder. 

The  expenditure  of  the  disinfecting  powder  is  4-5  g  per  of  treat 'd 
area. 


The  cleaning  up  of  the  premises  is  carried  out  not  earlier  thsm 
2  hours  after  termination  of  the  disinfestation.  Usually  after  the 
treatment  of  premises  not  only  the  lice,  but  also  the  flies,  bugs, 
cockroaches  and  fleas  die.  On  steamers  and  railroad  cars,  besides 
the  above-mentioned  preparations,  they  also  use  insecticides  in  a 
gaseous  state. 


Under  rural  conditions,  if  there  are  no  sanitary  delouslng 
stations  and  dislnfestatlonal  chambers,  the  whole  system  of  sanitary 
treatment  is  retained,  but  its  individual  stages  are  modified,  simpli¬ 
fied  or  combined.  Thus,  for  ./ashing  they  use  bath-tubs,  shower  setups 
or  they  wash  in  houses  near  a  very  hot  stove,  where  the  water  is 
warmed  and  the  linen  is  boiled.  As  dislnfestatlonal  chambers  under 
these  cases  they  use  a  Russian  stove  or  they  use  DDT  and  hexachlorane 
preparations,  rubberized  sacs  (chests)  and  so  forth. 


All  stages  of  sanitary  treatment  should  be  carried  out  at  the 
same  time,  in  other  words,  dwellings  and  the  software  in  them 
should  be  disinfected  while  the  people  are  being  washed  at  the  sanltar/- 
delouslng  station,  which  is  especially  Important  in  the 
disinfestation  at  a  focus  of  parasitic  typhus.  Such  sanitary 
treatment  is  called  simultaneous  treatment.  In  the  presence  of 
unfavorable  sanitary  conditions  for  preventing  lousiness  among 
individual  groups  of  a  population  simultaneous,  sanitary  treatment 
should  be  carried  out  several  times  repeating  it  at  Intervals  of  7 
days  until  the  lice  a^e  completely  eliminated. 


Disinfestation  upon  the  appearance  of  diseases  of  parasitic 
typhus.  In  the  case  of  the  appearance  of  a  disease  of  parasitic 
typhus  the  treating  physlclsji  or  the  doctor's  assistant  should 
lmmedlate]y  make  known  to  each  person  ill  with  the  disease  or  suspected 
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of  having  It  the  dlslnfectional  section  of  the  sanitary-epidemiological 
station  or  the  sanitary-epidemiological  section  of  the  regional 
hospital  for  the  carrying  out  of  hospitallaatlon  and  dlslnfestatlonal 
measures  at  the  focus. 

The  hospitalization  of  a  patient  with  parasitic  typhus  or  suspected 
of  having  this  disease  is  carried  out  Immediately  after  it?  detection. 

The  patient  is  sent  to  the  hospital  in  the  same  linen  and 
clothing  in  which  he  was  wearing  at  home.  The  person  who  has  this 
disease  should  not  be  allowed  to  change  his  clothiiig  before  being 
sent  to  the  hospital,  if  disinfestation  is  not  carried  out  simul¬ 
taneously  with  the  evacuation. 

The  delivery  of  the  patient  with  exanthematous  or  recurrent 
typhus  or  one  suspected  of  having  this  disease^  to  the  hospital  is 
carried  out  on  a  vehicle  of  the  sanitary -epidemiological  or  medical 
establishments  and  the  person  is  accompanied  by  a  medical  worker. 

Vehicles  used  for  transporting  patients  with  parasitic  typhus, 
are  subjected  to  moist  disinfestation  with  a  hand  sprayer  with  the 
iubsequent  mopping  out  of  the  vehicles. 

In  the  disinfestation  of  a  vehicle  it  is  possible  to  use:  a  25!? 

DDl;  emulsion,  or  lOit  DDT  disinfecting  powder  and  6S5  hexachlorane 
disinfecting  powder,  preparations  of  chlorophos,  carbophos  and 
others  at  the  same  concentrations. 

When  using  any  random  vehicle  to  take  a  patient  to  a  hospital 
the  latter  should  also  be  thoroughly  disinfected.  The  straw,  hay 
and  so  forth  used  for  bedding  should  be  burned. 

The  persons  accompanying  the  Infected  person  must  also  undergo 
sanitary  treatment :  under  rural  conditions  at  a  hospital  -  at  a 
sanitary  station  or  bath  for  personnel,  and  under  urban  conditions  - 
at  a  sanitary  station  operating  according  to  epidemiological 
indications. 
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Measures  at  the  hospital.  A  person  with  parasitic  typhus  or 
suspected  of  having  this  disease  upon  admittance  to  a  hospital 
should  be  subjected  to  sanitary  treatment  with  the  observance  of 
strict  continuity,  using  Insecticidal  soap. 

The  premises  of  the  sanitary  station  at  the  hospital  after 
treatment  of  the  patient  are  subjected  to  dlslnfebtatlon  with  the 
agents  and  at  the  concentrations  Indicated  for  treating  the  vehicle. 

The  underclothing  and  outer  clothing  removed  from  the  patient 
are  collected  In  a  sock  or  oed-sheet,  soaked  In  dlslnfestational 
solutions  or  emulsions  of  DDT.  acetone,  acetoxon  and  others,  and 
subsequently  subjected  to  chamber  treatment  In  a  hot-air,  steam  or 
steam-formalin  chamber,  after  which  the  articles  are  kept  In  ^-he 
hospital  until  patient  Is  discharged. 

Without  dlslnfestational  treatment  these  articles  cannot  be 
removed  from  the  hospital.  The  bed  appurtenances  (blankets,  mattres¬ 
ses,  pillows)  are  subjected  to  obligatory  chamber  treatment  after 
the  discharge  of  each  patient. 

When  necessary  patients  In  hospitals  are  examined  for  the 
presence  of  pediculosis,  and  upon  detection  of  the  latter  repeated 
sanitary  treatment  Is  carried  out. 

Measures  at  a  focus  of  parasitic  typhus.  Disinfestation  at  a 
focus  of  exanthematous  typhus  should  be  carried  out  In  cities 
simultaneously  with  the  hospitalization  of  a  patient  or  within  the 
first  3  hours,  and  at  a  rural  site  —  within  the  first  6  hours  after 
the  hospitalization  of  the  patient. 

Dlslnfestational  measures  at  all  focuses  of  exanthematous 
typhus  should  be  conducted  under  the  direct  supervision  and  control 
of  a  physician. 


The  disinfestation  conducted  at  a  focus  of  exanthematous  typhus 
should  guarantee  the  complete  destruction  of  lice  on  the  people,  their 
clothing  and  articles  of  furniture. 

The  disinfestation  of  an  exanthematous  typhus  focus  Is  ensured 
by  the  disinfestation  of  all  clothing,  the  sanitary  treatment  of 
people.  In  former  intercourse  with  the  patient  (at  sanltaiy-de lousing 
points  or  In  adapted  baths),  the  disinfestation  of  bed  appurtenances, 
articles  of  furniture  and  the  premises. 

All  these  measures  are  conducted  .simultaneously :  people  undergo 
treatment  at  sanitary  stations,  their  clothing  are  treated  In 
dlslnfectlonal  chambers  (or  in  extreme  case  with  chamlcal  agents) 
and  premises  with  dlslnfestatlonal  agents. 

In  the  process  of  a  subsequent  observation  of  a  focus  and  upon 
detecting  pediculosis  In  pe’rsons  living  with  a  patient  it  Is  necessary 
Immediately  to  conduct  repeated  sanitary  treatment  and  disinfection 
Of  the  premises  (see  "Disinfestation  of  premises”). 

Sanitary  treatment  of  people  who  have  been  in  Intercourse  with 
patients.  Sanitary  treatment  of  people  who  have  had  Intercourse 
with  patients  with  exanthematous  and  recurrent  typhus  or  suspected 
of  having  this  disease  Is  carried  out  at  sanitary  stations  or  In 
adapted  baths  with  the  observance  of  the  rules  of  continuity. 

Under  the  condition  of  carrying  out  sanitary  treatment  In  usual 
baths  of  the  toilet  type  slmultaneovwly  with  washing  of  people 
there  Is  conducted  disinfestation  of  their  clothing  In  a  dlslnfectlonal 
chamber  brought  to  the  bath.  The  dressing  premises  (floor,  benches, 
and  others)  should  be  thoroughly  washed  and  treated  by  scalding  with 
boiling  water,  a  carbophos  emulsion,  a  10!K  lysol  solution,  a 
nephthalysol  solution,  with  the  subsequent  mopping  of  all  surfaces 
with  rags  moistened  with  disinfecting  solutions.  The  disinfection 
Is  carried  out  while  those  washing  themselves  are  still  In  the 
washrcum. 
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In  the  absence  of  a  sanitary  point  or  a  bath  the  washing  is 
set  up  under  home  conditions:  in  a  bathtub,  shower,  tanks,  basins, 
and  so  forth.  For  the  washing  in  sanitary  treatment  insecticidal 
soap  with  DDT  and  HCCH  is  used. 

After  the  sanitary  treatment  Inspection  is  Immediately  carried 
out,  and  in  the  case  of  detecting  pediculosis  a  repeated  treatment 
is  conducted  with  the  application  of  dlsinfestatlonal  agents. 

Linen  is  subjected  to  disinfestation  (see  "Disinfestation  of 
linen" ) . 

Outer  clothing  and  other  clothing  are  treated  with  0.5-l)t 
emulsion  of  DDT  on  the  inside  with  atomizers,  hand  sprayers  or 
trusnes.  The  places  to  be  most  thoroughly  treated  are  the  collars, 
belt,  seams  and  fold  of  clothes,  where  when  pediculosis  exists  Insects 
are  most  frequently  detected. 

Hexachlorane  pencils  are  used  by  applying  streak.s  at  Intervals 
of  4-5  cm  on  the  Internal  surface  of  linen  and  clothing  and  the 
places  where  insects  are  most  frequently  found  (belts,  collars,  folds, 
seams).  The  insecticidal  effect  of  hexachlorane  on  articles  is 
preserved  up  to  1^  months. 

The  hair  on  the  head  and  all  the  hairy  parts  of  the  body  are 
simultaneously  and  well  treated  with  DDT  Insecticidal  soap  or  DDT 
powder,  or  preparations  of  acetophos. 

After  washing  the  head  the  hair  is  combed  with  a  fine  comb  to 
remove  the  nits.  For  the  best  removal  of  nits  the  hairs  should  be 
moistened  with  10-15<  warm  (27-30^)  solution  of  acetic  acid;  for 
15-20  minutes  the  head  is  covered  with  a  kerchief,  after  which 
the  hair  is  thoroughly  combed  with  a  fine  comb. 

Repeated  treatment  with  DDT  Insecticidal  soap  is  carried  out 
when  necessary. 
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In  the  absence  of  special  dislnfectional  chambers  the  disinfes¬ 
tation  of  articles  can  be  carried  out  in  Russian  stoves,  and  also 
by  Ironing  the  clothing  with  a  hot  Iron  or  by  treatment  with 
insecticides  (DDT,  HCCH  and  others). 


The  disinfection  of  linen  can  be  carried  out  by  boiling,  and 
tne  disinfestation  of  linen  —  by  soaking  it  In  a  1$  DDT  emulsion 
(Table  37). 


Table  37.  Rates  of  expenditure  of  preparations  for  combatting  lice. 


Name  of  the 
preparation 

Unit  of 
measurement 

Single 
expendi¬ 
ture  of 
prepara¬ 
tion  (in 
g) 

Method  of  application  and 
concentration  of  the 
working  solutions 

5%  DDT  soap 

Kilogram 

30 

Hand  washing  of  linen 

ft 

20 

Mechanized  washing  of  linen 

1  man 

50 

Washing  the  body  and  the 
hairy  parts  by  double 
soaping 

DDT  emulsion 
25% 

Set 

15 

Treatment  with  a  0.5-1* 
aqueous  emulsion  of  the 
upper  clothes  and  under¬ 
clothing 

Set 

25 

Soaking  In  a  0.5-1*  aqueous 

30 

emulsion:  underclothing, 
bed  appurtenances 

10*  DDT 
disinfect¬ 
ing  powder 

Set 

50 

Dusting  cf  the  bed  appur¬ 
tenances 

Set 

25 

Dusting  of  the  underclothing 

Seo 

25 

Dusting  of  the  outer 
clothing 

Set 

40 

Dusting  of  an  overcoat  or 
topcoat,  or  sheepskin 
coat  with  headgear 

Set 

25 

Dusting  of  felt  boots 

HCCH  pencil 
70* 

Set 

20 

Applying  streaks  at  Inter¬ 
vals  of  4-5  cm  on  the 
Internal  surface  of 
clothing 

Table  37  (Cont'd). 


Name  of  the 
preparation 

Unit  of 
measurement 

Single 
expendi¬ 
ture  of 
prepara¬ 
tion  (in 
g) 

Method  of  application  and 
concentration  of  the 
working  solutions 

3*  HCCH 
soap 

Kilogram 

30 

Hand  washing  of  linen 

11 

20 

Mechanized  washing  of  linen 

1  man 

50 

Washing  the  body  and  the 
hairy  parts  by  double 
soaping 

Pyre thrum 

Set 

60 

25 

25 

40 

Dusting  of  appertunances: 

bed 

underclothing 
outer  clothing 
overcoat  or  topcoat,  or 
sheepskin  coat  with 
headgear 

Steam 

25  1 

felt  boots 

Metnyl 

A  sack  with 

34 

Disinfection  of  articles  in 

bromide 

a  volume 
of  0.1  m^ 

68 

34 

polyethylene  bags:  woolen, 
cotton  articles  and  bed 
appurtenances 

Disinfection  of  fur  articles 
at  a  temperature  of  8-20° 

n  If  It  n  20® 

Note:  Repeated  treatment  with  all  the  preparations  is  carried  out 
according  to  the  indications  after  8-10  days. 


Destroying  lice  on  animals  and  birds.  For  destroying  lice  on 
animals  and  birds  the  same  insecticides  are  used,  which  are  used  to 
destroy  lice  parasitizing  man.  In  combatting  lice  on  cattle  there 
are  recommended  0.5%  suspensions  containing  0.531  chlordane,  0.06J 
heptachlor,  0.033S  dleldrln,  and  0.5*  malathlon.  With  the  use  of  the 
enumerated  preparations  almost  analogous  results  were  obtained;  the 
duration  of  the  protective  action  was  preserved  for  app^oxlmat'^ly 
4-5  months.  It  was  ascertained  that  after  bathing  sheep  in 
solutions  (suspensions)  containing  0.01-0.005*  aldrin,  dlazlnon, 
gamma-haxachlorane  or  malathlon  the  lice  died;  the  residual  effective¬ 
ness  of  the  treatment  on  the  wool  coat  was  preserved  for  16-20  weeks; 
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diazir  (I  at  a  0.1%  concentration  possessed  a  protective  effect  for 

32  wee.^8.  Carbophos  at  a  l!l  concentration  was  also  effective  In 

combatting  lice  on  birds j  complete  destruction  of  the  lice  was 

observed  from  the  3rd  to  the  20th  day  after  treatment  with  solutions 

of  0.1^  ronnel,  0.1)1  toxaphene,  0.05%  malathlon  and  0.25-0.5%  sevln; 

complete  destruction  from  the  5th  to  the  20th  day  was  observed  from 

0.051  dlmethoate,  and  from  the  1st  to  the  20th  day  from  0.025% 

dlbi’ome.  In  treating  bedding  complete  destruction  of  lice  with  the 

5th  to  the  20th  day  was  observed  as  a  result  of  the  application 

5%  sevln  (225  g/m^)  and  k.6%  ronnel  (^5  g/m^);  5%  Co-Ral  provided 

the  destruction  of  from  93  to  100)8  of  the  Insects  at  a  rate  of  expendl- 
2 

ture  of  2.25  g/m  . 
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CHAPTER 


XXII 


TICKS  AND  THEIR  CONTROL 

Ticks  belong  to  a  class  of  arachnids  (Araciinoidea)  of  a  type 
of  arthropods  (Arthropoda) .  At  the  present  time  ticks  are  divided 
into  three  orders :  the  first  order  —  the  real  ticks  —  Acariformes  — 
include  the  armorclad  ones  (Oribatei),  the  scabby  and  feathery  ones 
(Acaroldea),  the  trombiculids  (red-heifers)  (Trombiculidae)  and  a 
large  number  oi  other  ticks;  the  second  order  —  the  gamasid  ticks  — 
the  Parasitiformes  —  combine  the  gamasids  (Gamascidea),  the  ixodids 
(Ixodidae)  and  certain  other  groups  related  to  them;  the  third 
order  -  "harvest"  ticks  —  Opilioacarina  —  a  little  known  group  of 
predaceous  ticks  in  the  USSR  represented  by  one  species. 

The  world  fauna  Includes  about  209  families  and  about  1400 
genera  of  ticks. 

The  Superfamily  Trombeae  Turk,  In  the  composlLion  of 

this  group  of  ticks  are  Include^!  two  Trombldlidae  Leach, 

I8l4,  and  Trombiculidae  Ewing,  1944.  Thv»  representatives  of  the 
first  family  are  parasites  cf  insects  and  arachnoids.  Of  medical 
significance  are  the  representatives  of  the  second  family  included 
in  the  composition  of  the  subfamily  Trombiculidae  Ewing,  1929  -■ 
trombicvlid  ticks  (red-heifers)  are  so  called  because  of  their  color. 
The  world  fauna  already  numbers  about  500  species  of  these  ticks 
belonging  to  17  genera. 
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Trombiculids  are  common  .in  all  countries  of  the  world;  the  most 
widespread  are  the  genera  Trorabicula  and  Neoschoengastia ,  In  the 
USSR  more  than  50  species  have  been  recorded,  belonging  to  5  genera.  ^ 

The  larvae  of  the  trombiculids  are  ectoparasites  of  animals. 

Adhering  to  man  and  animals,  they  cause  itching,  local  inflamme,tion, 
fever.  In  many  regions  of  Eastern  Asia  certain  species  of  ticks 
are  well  known  as  carriers  of  pathogenic  rickettsial  -  pathogenic 
agents  of  Japanese  river  fever  —  tsutsugamushl . 

In  the  sandy  desert  of  Central  Asia  from  the  trombiculids 
Leeuwenhoekla  major  tnere  has  been  isolated  the  pathogenic  agent  of 
Q  fever  (Z.  II.  Zhmayeva  with  co-authors).  In  the  central  belt  of 
the  USSR  there  has  been  ascertained  the  natural  inflatation  of  the 
trombiculids  Tr.  autumnalis,  Tr.  zachvatkini,  Neoschoengastia  Sp.  — 
with  the  rlckettseal  of  Infectious  nephrosonephrltls  (0.  S.  Korshunov). 

The  cari"iers  of  these  diseases  are  wide-spread  over  a  huge 
expanse  from  the  western  to  eastern  borders  of  the  USSR.  Tr.  autumnalis 
is  a  real  cosmopolite,  excellently  adapted  to  parasitism  and  having 
very  wide  circle  of  hosts.  (  j 

In  second  place  in  distribution  is  L.  major;  it  is  common  from 
the  Stavropol  region  in  the  west  to  the  steppes  of  southeastern 
Transbaykal;  it  lives  mainly  in  the  deserts  and  steppes  and  parasitizes 
in  the  spring-autumn  period. 

The  third  species  —  Tr  zachvatkini  —  has  been  recorded  only  in 
the  European  part  of  our  country.  It  parasitizes  in  the  summer 
months , 

The  fauna  of  trombiculids  on  rodents  of  the  coastal  regions  is 
very  rich.  Of  the  7  species  recorded  the  most  widely  spread  are 
Tr.  zhmajevae  and  Tr.  tamiyal. 

In  an  epidemiological  regard  as  carriers  of  Japanese  river 
fever  (tsutsugamushl)  Tr.  palpalis  and  Tr.  pallida  deserve  attention; 

o 
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they  are  wide-spread  in  the  Far  East.  In  the  Par  East  the  trombiculids 
live  in  shrubs,  waste  lands  overgrown  with  tall  weeds,  and  the  shore 
zone  of  reservoirs. 


Morphologico-ecological  characteristics .  Trombiculld  ticks 
have  three  active  stages  of  development:  larvae,  nymphs,  adults. 

The  body  of  the  larva  consists  of  a  gnathosoma  and  an  idlosoma.  The 
gnathosoma  —  oral  organs  —  in  the  larvae  of  the  majority  of  species 
is  rather  large,  it  is  located  in  the  anterior  section  of  the  body. 

The  Idlosome  —  the  body  proper  is  2-5  times  larger  than  the  gnathosoma; 
its  form  is  oval,  elongated  or  round;  it  is  a  bright-red  or  orange 
color.  The  soft  integuments  have  a  parallel,  wavy  strlation. 

The  larvae  have  three  pairs  of  legs  covered  with  bristles 
having  great  diagnostic  significance. 

The  numphs  in  contrast  to  the  larvae  have  four  pairs  of  legs 
and  two  pairs  of  oval  genital  tentacles.  The  body  has  at  the 
level  of  the  third  and  fourth  pair  of  legs  a  constriction,  which 
gives  the  body  the  form  of  an  hourglass.  The  whole  body  is  thickly 
covered  with  feather-like  bristles. 


The  adult  ticks  are  similar  to  the  nymphs,  but  considerably 
larger  than  them;  they  have  not  two,  but  three  pairs  of  genital 
tentacles  (Fig.  11). 


Fig.  11.  The  active  stages  of  ixodid  ticks.  Females;  1  — 
hungry;  2  —  saturated;  5  —  nymph;  4  —  Isrva. 
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The  nymph  and  mature  ticks  are  free-living  inhabitants  of  the 
soil.  They  are  recorded,  as  a  rule,  in  the  warm  (but  not  hot)  season 
in  the  layer  of  vegetation  right  at  soil  level  and  frequently  in 
the  burrows  of  small  rodents. 

The  female  tromblculids  oviposit  in  piles  of  20-50  very  small 
(0.15-0.2  mm  in  diameter)  eggs  with  a  light-orange^  color.  The 
development  of  the  eggs  takes  2-5  weeks.  The  larvae  emerging  from 
the  eggs  are  red  in  color,  very  small,  very  mobile  (up  to  100  cm/min) 
and  after  only  one  day  are  able  to  attach  themselves. 

The  larvae  are  temporary  ectoparasites  of  vertebrates,  mainly 
mammals,  more  rarely  of  birds  and  reptiles.  Most  frequently  the 
larvae  parasitize  the  representatives  of  the  mouse  family,,  and 
subsequently  hedgehog-s.  On  the  body  of  the  host  the  larva  are 
localized  in  small  groups.  On  rodents  and  birds  the  larvae,  as  a 
rule,  are  located  in  the  concha  auriculae.  In  reptiles  —  in  the 
inguinal  folds,  on  the  head  and  tall.  The  duration  of  feeding  of 
the  larvae  depends  on  the  speries  of  parasite,  the  ambient  temperature 
and  the  reservoir  host.  Thus,  Tr.  akamushl  become  satiated  on 
white  mice  on  the  average  in  69  hours,  and  on  rats  for  a  more 
prolonged  period  (Ohen.-Hsu,  1959).  Tr.  altreddugesl  parasitize 
reptiles  up  to  50  days.  With  a  dec'eare  in  temperature  the  number 
of  satiated  larvae  is  sharply  reduced  (Sasa  Manabu,  1961). 

The  complete  cycle  of  development  o^  tr-ombiculids  has  been 
insufficiently  studied.  It  is  considered  that  the  duration  of  the 
complete  cycle  is  equal  on  the  average  to  70-9?  days.  And  for  the 
transformation  of  a  larva  Int-'  a  nymph  is  required  15-20  days,  and 
for  the  appearance  of  the  imago  50-40  days.  From  the  time  of  the 
emergence  of  the  females  until  ovlposltion  usually  about  a  month 
passes  (Ye.  G.  Shluger,  Sasa  Manabu). 

From  the  available  source  material  it  is  possibxe  to  conclu'^e, 
that  trombiculid  ticks  luring  the  course  of  a  season  go  through  up 
to  three  generations.  Furthermore  the  largest  quantity  of  them  -.rtis 
noted  in  the  southern  regions,  in  places  with  a  moderate  temperature 
(in  mountains,  the  floodplains  of  rivers). 


The  superfamily  Gamasoidea  Reuter,  1909  —  gamasld  ticks. 

These  ticks  are  encountered  all  over  the  earth,  over  20  different 
families  have  been  counted  and  Included  In  the  suborder  Mesostlgmata 
Canestrinl.  A  considerable  number  of  families  represent  predatory 
species  Inhabiting  soli,  forest  bedding,  the  substrata  of  burrows 
and  nests,  where  their  food  consists  of  arthropods-saproblonts. 

In  the  USSR  up  to  the  present  time  there  are  known  about  I50 
(basically  parasitic)  of  species  of  gamosld  ticks. 

The  representatives  of  a  number  of  famlller  parasitize  various 
animals  (Insects,  reptiles,  birds,  entomophege,  small  predators, 
plnnlpedes,  monkeys  and  others). 

Tomasld  ticks,  as  was  Indicated  above,  have  almost  omnipresent 
distribution.  Very  frequently  they  immediately  In  large  quantities 
abandon  their  dwelling  place  and  attack  man.  Frequently  ticks  attack 
man,  when  the  latter  lies  down  to  rest  on  old  hay  stacks  and  dry 
grass.  As  a  rule.  In  such  stacks  there  are  large  numbers  of  rodents, 
and  consequently,  the  species  of  ticks  parasitizing  these  rodents 
attack  man. 

If  the  attack  Is  prolonged,  then  in  these  people  there  are  noted 
general  weakness,  headaches,  disorientation,  the  appetite  diminishes 
and  sleep  is  disturbed,  there  is  also  observed  weight  loss  and 
even  a  subfebrlle  temperature. 

Cases  of  the  mass  attack  of  gamasld  ticks  have  been  recorded 
in  all  geographic  zones  of  our  country  from  the  very  south  (Crimea) 
to  the  extreme  north  and  the  far  east  (Vladivostok  and  Sakhalin) 

(A.  I,  Alifanov,  I.  F.  Zhovtyy,  V.  D.  Boldaruyev,  L.  Zakirov, 

Ye.  N.  Nel'zina,  V.  G.  Fedorov). 

Only  two  species  have  been  recorded  as  attacking  species. 
Bdellonyssus  basotl  and  Dermanyssus  galllnae. 
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Ticks  attack  man  from  April  up  to  December.  The  cause  of  the 
appearance  of  D.  gallinae  in  all  cases  was  the  presence  of  birds 
(hens  and  pigeons)  in  ;he  house.  Most  frequently  ticks  penetrate 
through  ventil“tors  and  ventilator  openings,  where  pigeon  nests  are 
found.  The  appearance  of  B.  bacoti  has  been  connected  with  the 
presence  in  premises  (on  a  ship)  of  rats  and  house  mice.  Gray 
rats  are  parasitized  by  ticks  from  May  up  to  October,  and  black  rats  — 
the  whole  year  round.  The  maximum  number  of  ticks  on  rodents  occurs 
in  August. 

Gamasid  ticks  are  able  to  transmit  almost  all  groups  of  pathogenic 
agents  —  from  filterable  viruses  to  protists;  moreover,  they  are 
also  intermediate  hosts  of  certain  parasitic  worms. 

The  majority  of  gamasid  ticks  are  parasites  of  animals,  which 
have  close  contact  with  man. 

The  presence  of  the  large  number  of  families  in  the  composition 
of  the  group  of  gamasid  ticks  Indicates  the  existence  of  considerable 
morphological  variety;  however,  among  them  there  is  much  in  common 
in  body  structure.^ 

The  body  form  —  Idlosoma  —  is  oval  or  round;  5t  is  depressed 
in  a  spinal-abdominal  direction.  In  certain  families  tr s  body  of 
ticks  is  divided  by  transverse  groove  into  two  sections :  the 
cephalothorax  and  the  abdomen.  On  each  side  of  body  at  the  level 
of  the  III  and  IV  coxal  there  are  spiracles  (stlgmae)  —  tracheae 
apertures  (respiratory  tubes).  All  over  the  body  of  ticks  are 
tactile  tristles  of  various  form.  The  form  and  disposition  of  the 
bristles  are  broadly  used  to  determine  the  species  of  ticks. 

In  the  procesr  of  development  ticks  pass  through  from  4  to  5 
stages;  egg  —  lar- a  -  nymph  I  (protonymph)  —  nymph  II  (deutonymph)  - 
adult  and  (imago).  The  complete  cycle  of  development  (all  5  stages) 
produce ^  oviparous  species. 
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In  ovipercus  species  the  egg  sizes  are  0.1-0, 3  mni;  they  are 
oval  or  round  in  form,  milk-glass  in  color.  The  eggs  mature  in  the 
body  of  the  female  one  after  another  5-6  days  after  blood-sucking. 
Egg-laying  lasts  from  almost  the  whole  period  of  the  life  of  the 
female;  at  intervals  of  5-7  days  she  lays  from  1  to  7  eggs  at  a 
time.  The  maturation  of  the  eggs  is  different  for  individual 
species  and  geographic  latitudes. 

The  larvae,  and  in  certain  species  the  protonymphs  also  do  not 
feed,  but  live  on  the  embryonic  yolk.  The  deutonymph  appearing 
after  5-6  hours  sets  about  blood -sucking;  after  2-7  days  tney  molt 
into  the  imago. 

The  duration  of  life  of  a  female  depends  on  many  factors  and 
thus  she  is  subject  to  sharp  variations  of  from  several  weeks  to 
several  months.  Thus,  when  feeding  on  blood  the  life  of  a  female 
H.  mandschuricus  lasts  38-43  days,  and  Bdellonyssus  bacoti  I5O-18O 
days . 

The  Superfamily  Ixodidae  Bank,  18S4  -  ixodid  ticks.  About 
20  genera  have  been  counted  in  two  families:  Ixodes  Murr  -  ixodoid 
ticks  and  Argasidae  Canestrini  —  argasid  ticks.  Isodid  ticks  are 
found  on  all  continents  of  the  earth.  In  the  USSR  there  have  been 
recorded  6  genera  of  Ixodid  and  2  genera®  of  argasid  ticks  numbering 
more  than  80  species. 

Among  the  broad  circle  of  Ixodid  ticks  of  the  fauna  of  the 
USSR  there  are  distinguished  specific  inhabitants  of  individual  zones 
taiga,  forest,  steppe,  desert,  valleys  and  mountains.  Owing  to  the 
ecological  peculi  iarlties  of  the  ticks  and  their  host-reservoirs 
migrations  of  ticks  are  possible  not  only  within  the  limits  of  the 
landscape  zones  of  one  geographical  zone,  but  also  between  various 
geographical  zones.  These  migrations  can  be  accomplished  by  the 
transmigrations  of  birds,  by  the  migrations  of  large  wild  animals, 
and  also  as  a  result  of  the  activity  of  man  (the  importation  of 
H.  scupeuse,  Q.  silvarum  to  Sakhalin  with  cattle  from  the  mainland). 


In  the  presence  of  favoraMe  conditions  ticks  on  a  new  location 
can  become  accustomed  to  a  place  and  intensively  participate  in  the 
dispersion  of  infection  (N.  A.  Violovich,  Hoogstraal,  Theller). 

The  body  of  ixodld  ticks  is  not  segmented;  it  has  an  oval, 
elongated  form  in  length  and  a  flattened  form  in  the  dorso-ventral 
direction.  Tick  larvae  have  three  pairs  of  legs,  whereas  all  the 
subsequent  phases  —  the  Immature  ones  (nymphs)  and  mature  ones 
(imago  —  males  and  females)  have  four  pairs  of  legs. 

As  was  indicated  above,  the  superfamily  Ixodoidae  includes 
two  families  —  the  Ixodld  and  argasid  tlcko.  The  distinctive 
peculiarities  of  these  families  are:  in  the  former  there  are  sharply 
expressed  chitin  spinal  and  ventral  shields  with  bristles;  the 
frontal  position  of  the  proboscis;  distinct  sexual  dimorphism; 
each  stage  of  development  feeds  on?,y  one  time.  In  the  second  family  — 
the  integument  (hypoderma)  without  shields  is  wrinkled  or  warty; 
the  proboscis  is  located  on  the  ventral  side;  each  stage  of  development 
feeds  many  times. 

Ixodld  ticks  have  a  general  tone  of  body  coloring,  most  frequently 
dark-brown,  more  rarely  red,  yellow,  gray;  in  certain  species  the 
the  spinal  shield  has  a  silvery-enamel  pattern. 

All  stages  of  development  of  Ixodid  and  argasid  ticks  are 
external  parasites  of  ground  vertebrate  animals.  The  period  of 
blood-sucking  (up  to  complete  saturation)  las<s  from  several  minutes 
up  to  many  days,  thanks  to  which  they  can  be  transported  by  their 
animal-reservoirs  hundreds  of  kilometers. 

According  to  the  character  and  type  of  their  feeding  ticks  are 
divided  into  three  groups;  those  having  one  host,  two  hosts  and 
three  hosts.  Among  those  having  three  hosts  are  the  ticks  in  which 
in  each  active  phase  there  is  a  separate  host.  This  group  of  ticks 
uses  for  feeding  a  very  broad  circle  of  animals  -  from  amphibious 
and  birds  to  large  vertebrates. 
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The  fertilized  female,  being  satiated,  drops  off,  finds  a  place 
for  oviposition  and  after  4-60  days  starts  oviposition.  She  usually 
finishes  in  5-8  days;  up  to  15,000  eggs  and  more  are  concentrated 
in  one  laying.  Females  ixodid  ticks  die  after  ovipositing. 

The  larvae,  which  have  emerged  from  the  eggs,  as  a  rule,  during 
the  first  days  sit  near  the  site  of  oviposition.  Having  found  a 
host,  the  larvae  most  frequently  attach  themselves  to  the  head  and 
tall  of  the  animal  and  are  in  the  adhesion  stage  with  it  up  to  8  days. 
Nymphs  attacking  an  animal  attach  themselves  besides  to  the  head  and 
tail,  also  to  the  groin,  the  back  and  hips.  The  period  of  blood¬ 
sucking  in  the  nymph  lasts  up  to  15-18  days. 

All  the  phases  of  development  of  ticks  (larvae,  nymphs,  imagoes) 
after  emergence  or  molting  are  for  a  certain  time  only  slightly  mobile, 
during  v;hich  there  occurs  physiological  completion  of  their  development. 
After  the  completion  of  their  development  they  crawl  away. 

Thanks  to  the  presence  of  a  number  of  peculiarities  in  ticks 
there  ere  observed  various  durations  of  life  cycles.  The  life  cycle 
is  the  time  necessary  for  the  development  from  one  phase  to  the 
same  phase  in  the  following  generation.  In  ixodid  ticks  there  are 
species  witn  one-year,  two-year,  three-year  and  four-year  cycles  of 
development . 

The  number  of  spe9les  of  ticks  increases  sharply  as  one  goes 
from  north  to  south.  Thus,  in  the  trans-polar  region,  on  the  islands 
and  along  the  see.  coast  of  the  Arctic  Ocean  as  yet  only  one  species 
has  been  noted  —  C.  putus  —  a  parasite  of  birds,  which  lives  in  the 
nests  of  cormorants,  guillemots,  loons  and  others;  they  also  attack 
man.  Under  the  severe  conditions  of  the  northern  taiga,  in  the  forest 
floor,  there  live  2-3  species  of  only  one  genus  —  Ixodes.  As  one 
approaches  60°  north  latitude  the  number  of  species  increases  to  5; 
there  also  appear  representatives  of  the  genus  Haemmuphy sails 
[H.  concinna  in  the  Yakut  region  (N.  I.  Yel'shanskaya,  V.  N.  Yakuba)]. 
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South  of  60°  north  latitude  the  number  of  genera  begins  to  rapidly 

Increase,  especially  in  the  european  part  of  the  USSR  and  in  the' 

republics  of  Central  AsiP .  In  Byelorussia  there  have  been  recorded  v 

9  species  o?  J>  genera  —  Ixodes,  Haenaphysalis,  Dermacentor;  in  the 

Ukraine  —  21  species,  in  Georgia  —  35  species;  in  Turkmenistan  - 

54  species,  a  total  of  8  genera  noted  for  the  USSR.  As  one  proceeds 

towards  the  east  the  number  of  species  starts  to  decrease:  in 

Tadzhikistan  —  28,  in  Kirghizia  —  27,  in  Eastern  Kazakhstan  -  14, 

the  Altai  Mt.  region  —  7,  in  Transbaykal  —  6,  in  the  southern 

seacoast  region  —  11,  on  Sakhalin  —  8  (I.  T.  Arzamasov, 

0.  V.  Afanas'yev,  I.  G.  Galuzo,  R.  V.  Grebenyuk,  Ye.  M.  Yemchuk, 

B.  V.  Pototskiy  and  others). 

Independent  of  the  geographical  location  of  the  species  many 
of  them  can  be  combined  into  individual  groups  according  to  the 
character  of  their  ecological  peculiarities.  Some  species  completely 
spend  their  whole  life  cycle  in  burrows  and  are  connected  only  with 
the  animals,  living  in  those  burrows;  others  spend  only  part  of 
their  life  in  burrows;  certain  forms  are  adapted  to  life  under  the 
conditions  of  populated  areas  and  are  completely  connected  with 

i  ] 

domestic  animals.  '  - 

Proceeding  from  the  adaptability  of  ticks  to  life  under  one  or 
another  set  of  conditions,  we  proposed  to  divide  them  into  three  groups. 

1,  Synanthropic  species  adapted  to  life  under  the  conditions 
of  populated  localities  euid  able  to  pass  all  stages  of  development 
on  domestic  animals  —  H.  detritum,  H.  anatolicum,  A.  perslcus, 

C.  tholozanl,  R.  sanguineus. 

2.  Semi-synanthropic  species  parasitizing  domestic  animals 

In  the  Imago  stage  —  H.  aslaticum,  H.  plumbeum,  R.  bursa,  R.  turanicus, 

D.  sllvarum,  D.  nuttalli,  D.  marglnatus,  D.  pictus,  I.  riclnus, 

R.  persulcatus,  H.  punctata,  H.  conclnna,  H.  Japonica  douglasi.. 
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3.  Burrow  species  parasitizing  burrow  animals,  -  0.  verrucosus, 

0.  tartakovskyi,  I.  trianguliceps,  I.  apronophorus,  I.  occultus, 

I.  crenUlatus,  H.  numldlana  turanica. 

The  group  of  synanthroplc  species  is  recorded  in  populated 
localities  during  the  whole  year  round.  The  greatest  Infestation 
by  them  is  noted  from  the  end  of  April  to  the  end  of  June.  In  the 
winter  months  there  are  very  few  ticks  and  they  are  encountered 
mainly  in  larva  and  nymph  form.  Apart  from  the  economic  territories, 
ticks  of  the  synanthroplc  species  group  are  also  detected  outside 
inhabited  localities  —  on  the  land,  in  burrows,  on  birds  and  other 
vertebrates.  This  phenomenon  emphasizes  the  presence  of  a  great 
ability  in  these  ticks  towards  adaptability  and  a  permanent  habitat 
in  nature. 

The  seral-synanthropic  species  of  ticks  are  recorded,  as  a  rule, 
on  animals  turned  out  to  pastures.  The  season  of  parasitism  of  the 
majority  of  species  on  cattle  is  approximately  identical  — 
April-September.  Individual  specimens  are  also  recorded  in  winter. 

The  development  of  the  prelmaginal  stages  occurs  from  early  spring 
to  late  autumn. 

The  species  of  this  group  are  the  most  dangerous  in  an  epidemio¬ 
logical  regard.  Having  two  and  three  hosts,  and  also  a  large  circle  of 
hosts  among  birds,  rodents,  insectivores,  small  predators  and  reptiles, 
this  group  of  ticks  promotes  the  disst.'^ination  of  pathogenic  agents 
and  their  passage.  Characteristic  for  all  semi-synanthroplc  species 
is  their  concentration  in  the  places  of  the  simultaneous  stay  of 
host-reservoirs  of  mature  ticks  and  prelmaginal  stages.  With  the 
elimination  of  one  of  these  basic  links  the  number  of  ticks  drops 
sharply. 

Numerous  observations  have  shown  that  the  Intense  settling  of 
ticks  occurs  with  the  help  of  domestic  animals.  Therefore,  it  is 
not  accidental  that  foci  of  mass  reproduction  are  concentrated  on 
the  outskirts  of  inhabited  localities,  in  pastures,  at  watering  places. 


along  paths,  caravan  routes,  along  cattle  tracks,  along  roads. 

All  these  places  are  elements  of  the  cultural  landscape,  which  are 
the  richest  in  the  number  of  species  of  rodents  and  birds  —  the 
reservoir-hots  of  larvae  and  -nymphs . 


Pig,  12.  Various  types  of  devices  for  the 
expu!.  3ion  of  arthropods  from  a  substrate. 


The  group  of  burrow  ticks  has  its  life  cycle  completely 
eonnected  with  the  host  of  the  burrow.  Species  of  this  group  promote 
the  circulation  of  a  pathogenic  agerit  between  animals  and  preserve 
it  in  nature.  When  visiting  places  where  uurrows  abound  in  the  warm 
season  of  the  year,  man  can  be  subjected  to  attack  by  ticks  and  be 
Infested  by  them. 


All  the  mobile  stages  in  the  development  of  ticks  are  b -ood-sucklng. 
As  ectoparasites  th'.y  inflict  great  damage  on  the  national  economy: 
the  animals  sharply  lower  their  productivity;  their  skin  is  covered 
with  scars  and  beco.nes  poor  quality  material  for  the  leather  Industry. 

Of  especially  Important  significance  are  ticks  as  carriers  of  diseases; 
about  80  different  diseases  are  cransmltted  by  ticks  from  animal 
to  animal;  of  this  number  of  Infections  man  is  susceptible  to  more 
than  20. 
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Deserving  of  special  attention  among  these  diseases  are  tick-borne 
encephalitis,  marceille  fever,  tick-borne  rickettsiosis,  Q  fever, 
tick-borne  recurrent  typhus  and  tularemia.  The  propagation  of 
these  infections  is  connected  with  the  area  of  the  carrier. 

With  the  purpose  of  the  more  correct  substantiation  and  selection 
of  the  methods  and  agents  of  combating  ticks  in  a  focus  of  Infection 
it  is  necessary  to  examine  certain  aspects  of  the  ecology  of  the 
basic  species  of  ticks  —  the  carriers  of  the  pathogenic  agents  of 
the  most  wide-spread  diseases. 

A  typical  carrier  of  tick-bome  encephalitis  is  the  tick 
I.  persulcatus,  then  I.  rlcinus,  H.  Japonlca  douglasi,  H.  concinna, 

D.  silvarum.  The  first  of  these  is  wide-spread  from  the  extreme 
west  (Latvian  Soviet  Socialist  Republic)  to  the  Kurile  Islands  and 
Kamchatka  in  the  east  and  to  the  mountain  forests  of  Central  Asia 
on  south  (Kirghizia,  the  East-Kazakhstan  region).  Its  northern 
border  goes  in  the  northwest  of  the  USSR  near  63^^  north  l"titude, 
in  Western  Siberia  near  6l°  north  latitude  and  in  The  Fir  East 
near  53°  north  latitude.  It  is  necessary  to  note  that  there  are 
data  about  the  presence  of  ticks  in  the  Yakut  region  -  one  feeding 
female  was  taken  from  the  head  of  a  girl;  another  satiated  female  — 
from  the  neck  of  a  woman  in  June  of  I96I. 

The  period  of  activity  of  adult  ticks  starts  immediately  after 
the  snow  has  melted.  The  first  females  appear  in  cleared  glades, 
borders,  meadows,  southern  slopes,  i.e.,  in  places  well  heated  by 
the  sun.  The  maximum  number  of  ticks  is  noted  in  May-June;  in  July 
the  adult  Individuals  are  rarely  encountered,  however  in  places 
individual  specimens  are  recorded  even  in  the  middle  of  October 
(M.  N.  Slonov). 

The  duration  of  the  period  of  activity  for  larvae  lasts  in 
the  southern  sea-coast  region  and  the  Khabarovsk  region  from  April 
up  to  November,  and  in  the  european  part  of  the  USSR  —  from  May  to 
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September.  The  activity  of  nymphs  in  passing  from  east  to  west  is 
also  noticeably  shortened  and  continues  for  approximately  the  same 
perioa  as  for  larvae. 

Man  is  attacked  and  infested  by  adults  and  nymphs,  frequently 
by  lai <ae  also.  The  two  latter  stages  usually  parasitize  on  small 
mammals  and  birds  nesting  or  feeding  on  the  surface  of  the  land  or 
in  the  lower  stratum  of  vegetation.  The  imago  parasitizes  mainly 
large,  wild  and  domestic  mammals.  A  special  place  among  the  host- 
reservoirs  of  mature  ticks  is  occupied  by  hares,  which  are  very 
widely  spread  in  the  taiga  and  forest  zone. 

I.  ricinus  inhabits  fir-deciduous  forests,  deciduous  and  under¬ 
brush  biotopes,  where  moderate  moisture  is  observed.  In  the  USSR 
it  is  widely  spread  in  the  european  part  from  Karelia  to  the  Black 
Sea  and  in  the  Transcaucasus  republics  and  from  the  western 
border  to  the  Traroe-Ural  region,  67°  eastern  longitude.  Data  exists 
about  the  recording  of  these  ticks  in  the  East-Kazakhstan  region 
(from  Zaysan  to  Bukhtarma)  (N.  0.  Olenev,  L.  M.  Tsemitseva);  in 
the  Altay  Mountains  (V.  I.  Benkevich),  in  the  far  east 
(A.  I.  Shprxngol ' ts-Schmidt )  and  in  central  Kopet-Dage  (Tu.rministan) 
oei  the  border  with  Iran  (E.  B.  Kerbabayev). 

Ticks  are  active  throughout  the  warm  period  of  the  year  (under 
the  conditions  of  the  Crimea  the  imago  parasitizes  the  whole  year 
round).  The  first  to  appear  are  adult  individuals,  as  a  rule, 
soon  after  the  melting  of  the  snow,  a  month  latei  —  larvae  and 
nymphs . 

The  maximum  number  of  adult  ticks  is  observed  in  the  northern 
regions  in  July-August;  in  the  south  the  number  curve  has  two  peaks  — 
the  larger  one  occurs  in  May-June,  the  smaller  in  August-September; 

In  the  Altay  Mountains  the  maximum  occurs  in  May-June,  a  second  rise 
is  observed  in  August. 

Ticks  winter  in  all  stages  of  development  in  the  forest  floor 
and  in  burrows. 
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The  host  of  mature  ticks  arc  most  frequently  various  large 
domestic  and  wild  animals.  The  larvae  and  nymphs  mainly  attack 
small  land  vertebrates  and  birds ,  Among  the  wild  animals  those 
deserving  special  attention  are  the  hares,  hedgehogs  and  squirrels. 

D.  silvarum  —  according  to  the  nature  of  its  distrlb  tion  is 
an  eastern  form.  Its  area  extends  from  the  Maritime  Region  through 
the  Ural  Regior..,  Eastern  Siberia,  the  Burgat  Autonomous  Soviet 
Socialist  Republic  to  Western  Siberia  —  the  Kemerovo  Oblast;  in  the 
north  it  extends  to  Yakutsk.  Individual  specimens  have  been  detected 
in  Petropavlovsk-on  Kamchatka  and  on  Sakhalin,  and  also  on  Islands 
in  the  Japanese  Sea  (N.  A.  Violovich,  M.  A.  Gorbuzov,  P.  P.  Kalmykov). 

The  species  is  confined:  to  forest  formations,  where  it 
dominates  in  sections  with  shrub  ve3etation  of  the  secondary  type; 
in  sections  of  meadow  association  along  rivers  and  near  inhabited 
localities;  in  thinned  fir-deciduous  and  deciduous  forests. 

Parasitism  by  ticks  starts  with  the  rise  in  temperature  in 
spring  —  on  the  Islands  in  the  Japanese  Sea  and  on  the  southern 
sea-coast  from  the  first  days  of  March  to  October  with  the  maximum 
in  May-June  and  in  August-September;  under  the  conditions  of 
Western  Siberia  it  parasitizes  from  the  end  of  April  until  September, 
having  two  rises  in  May-June  and  in  August.  In  the  Amur  region 
adult  ticks  parasitize  only  in  early  spring;  the  larvae  —  in  June-July, 
and  the  nymphs  —  in  July.  The  cycle  of  development  of  ticks  is  one 
year. 


The  second  infection  transmitted  by  ixodid  ticks,  having  relatively 
wide  propagation,  is  tick-borne  rlckettslosls  or  tlck-bome 
exanthematous  typhus  of  Asia,  which  is  recorded  in  the  eastern  part 
of  our  country.  The  most  western  point,  where  a  natural  focus  of 
this  disease  was  detected,  is  Kirghizia.  The  main  carrier  of  this 
disease  is  considered  to  be  D.  nuttalli;  then  D.  silvarum,  D.  marglnatus, 
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D.  pictus,  H.  concinna,  H.  punctata.  The  pathogenic  agent  was  also 
extracted  from  the  tick  H,  aslatlcum;  the  ability  of  these  ticks 
to  transmit  pathogenic  agents  is  by  biting,  it  has  been  ascertained. 

D.  nuttalll  —  a  typical  representative  of  the  steppes.  In  the 
USSR  the  northern  border  of  Its  area,  extending  over  the  steppes  of 
Transbaykal,  the  Irkutsk  Oblast  (to  the  Tayshet-Lena  railroad), 
goes  through  Abakan,  Sayan,  Altay  Mountains,  and  also  into  the 
forest-steppes  of  the  Omsk  and  Novosibirsk  Oblasts. 

It  inhabits  the  foothill  and  mountain  steppes,  the  forest-steppes, 
the  desert-steppes  and  the  semlsecured  sands;  considerable  tick 
foci  appear  In  pastures.  The  distribution  of  ticks  is  intimately 
connected  with  the  ecological  peculiarities  of  the  main  host-reservoirs 
larvae  and  nymphs  parasitize  small  mammals,  the  inhabitants  of 
burrows,  and  the  imagoes  —  large  vertebrates. 

The  first  to  be  recorded  on  animals  are  adult  ticks  immediately 
after  the  melting  of  the  snow;  their  maximum  quantity  is  observed 
in  May;  in  July -August  only  larvae  and  nymphs  are  detected,  in 
September-October  mature  forms  again  parasitize  animals;  they 
frequently  winter  on  cattle. 

Marseille  fever  is  transmitted  by  R.  sanguineus  ticks,  which 
are  wide-spread  on  all  continents  of  the  earth.  In  the  USSR  the 
dog  tick  is  common  on  the  Black  Sea  Coast;  it  is  recorded  in  the 
Transcaucasus  republics,  Turklstan,  Tadzhikistan,  Uzbekistan.  It 
is  a  common  parasite  of  dogs,  which  are  considered  its  main  (and 
even  its  only)  host,  thus  the  habitation  place  of  ticks  is  determined 
by  its  interrelation  with  its  host.  It  is  known  that  dogs  in 
rural  areas  are  very  widely  used  f^^  the  protection  of  cattle  and 
birds.  In  places  of  Intense  cattle-breeding  it  is  possible  that 
these  ticks  are  wide--pread  and  they  have  been  recorded  on  other 
domestic  animals  and  even  on  wild  animals. 
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The  season  of  parasitism  in  the  european  part  of  the  USSR  lasts 
from  February  to  October  with  the  maximum  number  of  adults  in  Aprll-May 
and  August-Septemberj  in  the  republics  of  Central  Asia  —  the  whole 
year  round.  In  Turkmenistan  starting  with  March,  the  number  of  mature 
ticks  increases  and  attains  its  maximum  number  at  the  end  of  April 
and  in  May.  Then  their  number  gradually  decreases  and  from  November 
they  are  rarely  noted.  In  the  warm  period  of  year  in  the  same 
time  all  active  phases  of  development  parasitize. 

According  to  a  number  of  researchers,  R.  sanguineus  are 
involved  in  the  transmission  of  l8  Infectious  diseases,  among  which 
are:  Marseille  typhus,  Q  fever,  Rockey  Mountain  fever,  Spanish 
tick-borne  recurrent  typhus.  Prom  ticks  the^re  has  been  extracted 
cultures  of  viruses  of  street  rabies  of  dogs  and  Lelshmaniosis  of 
dogs . 

Tick-borne,  recurrent  typhus  is  transmitted  by  ticks  of  the 
genus  Ornithodorus j  they  are  wide-spread  from  the  southern  regions 
of  the  Ukraine  through  the  Caucasus,  Central  Asia,  Kazakhstan  to 
the  borders  of  northwestern  China.  The  main  carriers  of  this 
disease  in  the  Ukraine  and  Caucasus  are  0.  verrucosus  —  a  burrow 
parasite;  in  the  republics  of  Central  Asia  and  Kazakhstan  — 

0.  tholozani  and  0.  tartakovskyl. 

0.  tholozani  —  is  confined  to  the  foothill  and  mountain  belts, 
where  it  inhabits  the  burrows  of  various  animals  and  caves;  to  the 
east  of  the  Amu-Dar'ya  it  is  very  frequently  recorded  in  dwellings; 
on  the  plains  it  is  wide-spread  along  the  ancient  caravan  routes, 
being  encountered  in  the  ruins  of  fortresses  and  buildings  adjacent 
to  them. 

0.  tartakovskyl  -  an  inhabitant  of  the  deserts  and  the  desert- 
steppe  hill  country;  it  inhabits,  as  a  rule,  only  the  burrows  of 
wild  animals.  It  penetrates  into  inhabited  localities  with  hedgehogs, 
tortoises  and  gerbils,  where  it  settles  in  their  burrows,  frequently 
establishing  Itself  along  the  shoulders  of  roads,  in  cellars,  in  the 
foundations  of  dwellings  and  auxiliary  premises. 
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Individual  Agents  and  Methods 
for  Controlling  Ticks 

Tho  control  of  ticks  Is  determined  by  the  degree  of  harm,  which 
they  Inflict  In  propagating  Infectious  diseases.  At  the  basis  of  all' 
prophylactic  measures  lies  the  nature  of  the  work  and  the  living 
conditions  of  the  protected  contingent  of  people  and  the  epidemio¬ 
logical  peculiarities  of  the  infection,  inherent  to  a  given  zone. 

The  basic  principles  of  the  prophylaxis  of  people  at  a  natural 
fc-us  of  disease  depend  on  the  duration  of  their  stay  on  this 
territory.  Thus,  during  a  short-term  stay  methods  of  personal 
protection  are  used;  under  march  and  field  (stationary)  conditions 
along  with  the  methods  of  personal  prophylaxis  also  carried  out  are 
measures  directed  towards  the  temporary  sanitizing  of  the  site. 

In  cases  of  living  in  a  focus  (Inhabited  localities,  rest  homes, 
sanatorlums,  pioneer  camps,  etc.)  prophylactic  measures  are  carried 
out  taking  into  account  the  potential  danger  of  the  territory  . 

The  simplest  protective  measures  are  the  me.ins  of  individual 
protection.  It  is  known  that  in  mature  ticks  —  the  carriers  of 
tick-borne  encephalitis  (I.  persulcatus,  I.  ricinus),  adhere  to 
vegetation  mainly  at  a  height  of  up  to  1  m.  In  attacking  man,  ticks 
first  of  all  get  on  the  lower  extremities,  then  they  crawl  all 
over  the  body. 

The  simplest  procedure  of  Individuc-l  protection  is  good  care 
of  clothing:  the  shirt  (.the  pull-over  tunic,  etc.)  is  tucked  inside 
the  trousers  and  the  belt  Is  pulled  tight;  the  caffs  are  made  with 
a  very  small  cross  section,  they  are  tightly  adjusted,  and  it  is 
better  to  make  them  tight  further  up  the  arm  with  a  cord;  the 
trousers  are  tucked  into  the  socks  (with  a  foot-cloth,  and  by  winding) 
and  they  are  also  pulled  tight  with  a  tape.  About  905^  of  the  ticks 
accumulate  under  the  collar  of  the  Jacket. 
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With  the  use  of  flounce-traps  the  number  of  ticks  getting  to 
the  head,  is  sharply  reduced;  under  the  flounce  (with  a  width  of 
5-6  cm)  there  accumulates  up  to  805^,  under  the  collar  about  155^,  only 
5^  of  the  ticks  get  on  the  neck. 

Increasing  the  number  of  flounce-traps  to  two  —  at  the  level 
of  the  shoulders  and  somewhat  higher  than  the  belt  —  makes  them 
almost  Impassable  to  ticks  (Fig.  13). 


Fig.  13.  Flounce-traps 
against  ticks  on  coveralls. 


Along  with  such  a  simple  form  of  clothing  ther:  t'-lso  exists 
■special  antitick  suits,  at  the  basis  of  which  also  lies  the  tightening 
of  the  sleeves,  collar,  hood,  and  trousers  with  a  tape  or  a  rubber 
band , 


With  any  form  of  clothing  it  is  necessary  after  2-3  hours  to 
carry  out  self-  and  mutual-inspection.  After  returning  from  the 
forest  for  the  purpose  of  preventing  the  carrying  of  ticks  into  the 
house  the  removed  clothing  are  Inspected  in  uninhabited  premises  or 
in  the  street.  All  the  ticks  collected  during  the  inspection  are 
destroyed  or  crushed  (but  not  only  with  the  bare  hands). 

To  supplement  the  measures  of  individual  protection  it  is 
desirable  to  apply  preparations  repelling  ticks  (dimethyl  phthalate, 
repudin,  diethyltoluamide,  kiuzol  and  others).  The  outer  clothing 
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are  treated  with  one  of  the  repellents  at  a  rate  of  200  g  of  substance 
per  set  of  clothing  (for  treatment  1  of  20^  solution  is  used).  After 
drying  for  a  day  it  is  possible  to  wear  this  suit.  The  number  of 
attacking  ticks  Is  sharply  reduced.  The  repellent  action  of  the 
preparations  Is  preserved  for  8-15  days. 

In  stationary  operations  at  a  potential  ficus  of  Infection  one 
of  the  first  measures  is  the  clearing  of  the  site  of  unnecessary 
vegetable  residua j  the  clearing  of  fallen  trees,  the  thinning 
of  adjacent  fores cs,  the  mowing  and  burning  of  grass  and  shrub 
vegetation.  This  mechanical  clearing  of  a  site  impairs  the  conditions 
of  existence  of  ticks  and  their  reservoir-hosts,  small  mammals  and 
other  animals. 

The  territory,  where  there  will  be  immediately  set  up  tents, 

trailer-homes,  and  houses.  It  is  necessary  to  preliminarily  clear 

even  of  the  forest  floor,  since  ticks  are  concealed  in  it.  It  is 

desirable  to  burn  the  forest  floor.  For  each  structure  (tents) 

2 

It  is  recommended  that  a  clear  site  of  not  less  than  20  m  be  prepared. 

The  cleared  territory  is  well  surrounded  "by  an  earthen  bank",  free 

from  any  vegetation.  Ticks  usually  do  not  crawl  on  bared  sections 

of  land.  When  possible  the  site  of  a  camp  and  especially  the  site 

for  the  deployment  of  tents  should  be  preliminarily  treated  with 

chemicals:  for  this  purpose  it  is  possible  to  use  a  5^  solution  of 

lysol,  benzene,  solvent,  a  105^  aqueous  solution  of  phenol  at  a 

2 

rate  of  a  half-liter  per  m  ,  suspensions  of  DDT  and  hexachlorane  at 

2 

a  rate  of  0.3-0. 6  g/m  and  other  preparations. 

Subsequently  it  is  necessary  to  carry  out  periodic  treatment 
of  the  territory  with  acarlcidee. 

With  the  presence  In  the  economy  of  animals  (horses,  dogs)  it 
is  necessary  to  subject  them  to  obligatory  treatment  with  acarlcldes 
and  not  to  allow  them  on  the  camp  site,  and  what  is  more  important 
Into  living  quarters  without  preliminary  inspection. 
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For  the  protection  of  persons  living  in  inhabited  localities 
located  at  the  focus  of  a  disease  all  the  preceding  measures  of 
prophylaxis  are  acceptable.  Of  decisive  significance  in  the  prevention 
of  the  formation  anthropurglc  foci  is  the  bringing  about  of  a 
cultivated  state  and  the  maintenance  of  cleanliness  at  the  site  of 
habitable  buildings  and  the  areas  adjacent  to  an  inhabited  locality. 

Along  with  broad  agrotechnical  and  forestry  measures  there  is 
conducted  continuous  deratization,  thereby  reducing  the  possibility 
of  the  mass  Infiltration  of  rodents,  and  along  with  them  ticks  also. 

As  the  observations  of  S.  A.  Shilova  with  co-authors  showed,  for 
forest  deratization  the  most  useful  preparations  are  zinc  phosphide 
and  zoocoumarln. 

Special  attention  is  focused'  on  the  sho\ilders  of  roads  and 
paths,  where,  as  a  rule,  the  most  favorable  conditions  are  created 
for  the  existence  of  many  forms  of  vertebrates  and  arthropods. 

It  is  particularly  in  these  areas  that  there  exists  a  real  possibility 
of  the  infection  with  contagious  sicknesses  ~  not  only  during  the 
time  of  a  short  rest,  but  also  when  passing  near  these  areas. 

Therefore  paths  and  narrow-roads  should  be  widened  by  up  to  4-1.5  ni» 
so  that  branches  do  not  droop  over  the  paths;  the  areas  should  be 
regularly  mowed  in  these  areas  and  it  should  be  eliminated  along  the 
shoulders.  Along  roads  and  especially  at  crossroads,  where  people 
rest  while  awaiting  the  passage  of  vehicles,  along  with  the  enumerated 
measures  it  is  necessary  to  apply  insecticides,  spraying  the  shoulders 
of  the  roads  and  paths  from  the  edge  to  a  depth  of  10  m  into  the 
wood  s . 

It  is  recommended  that  the  forest  floor  and  the  lower  stratum 
of  vegetation  be  treated  to  a  height  of  1  m. 

A  dose  of  DDT  disinfecting  powder  of  0.5  g  of  active  substance 

2 

per  m  is  completely  sufficient  for  getting  rid  of  ticks  for  one 
season  (S.  I.  Rybalko  with  co-autnors). 
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According  to  a  number  of  authors,  at  foci  of  tick-borne 
encephalitis  ticks  frequently  penetrate  into  inhabited  localities, 
in  consequence  of  which  anthropurgic  foci  will  be  formed  (N.  P.  Belikova, 
M.  A.  Smetanina). 

Ticks  are  transported  both  by  domestic  animals,  and  also  by 
synanthropic  rodents  and  birds.  Therefore,  for  the  purpose  of 
preventing  disease  prophylactic  measures  should  start  with  an 
Inhabited  locality. 

It  is  necessary  to  take  strict  measures,  so  that  cluttering  and 
the  accumulation  of  weed  grass  does  not  occur.  Within  a  circumference 
of  an  inhabited  locality  (up  to  200  m)  in  pastures  and  wood-cutting 
areas  it  is  necessary  to  eliminate  cluttering.  Also  it  is  necessary 
to  carry  out  the  regular  total  destruction  of  rodents  both  in  the 
inhabited  locality  (to  pay  special  attention  to  kitchen  gardens), 
and  also  in  vicinity  surrounding  it  (in  a  radius  of  not  less  than 
500  m) .  Along  with  this  it  is  necessary  to  exterminate  ticks  in 
the  inhabited  locality,  its  surroundings,  it  is  also  necessary  to 
combat  the  tick-infestation  of  cattle.  In  an  inhabited  locality 
DDT  disinfecting  powder  and  hexachlorane  are  applied  at  a  rate  of 
2-5  g/m  (0.2-0. 5  g  of  active  substance),  three-chlorometaphos-5  at 
%  rate  of  O.5  g  of  active  substance  per  square  m;  kitchen  gardens, 
plots  and  a  20-meter  zone  around  them  are  also  treated . 

For  the  rapid  treatment  of  comparatively  small  territories 
(places  of  temporary  stay,  pastures,  etc.)  insecticidal  smokes  can 
be  used. 


I.  persulcatus  ticks  are  very  sensitive  to  hexachlorane  smoke. 
One  day  after  treatment  with  smoke  (a  dose  of  0.05-0.064  g/m  and  an 
exposure  of  20  minutes)  the  number  is  reduced  by  93.1-100^,  and  they 
are  practically  absent  for  about  two  weeks  (Yu.  I.  Gadolin  with 
co-authors,  T.  P.  Povalishina  with  co-authors). 
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For  the  sharp  reduction  of  the  number  of  ticks  for  a  prolonged 
period  of  time  it  is  proposed  that  a  triple  smoke  treatment  of  the 
site  be  conducted:  first  —  at  the  end  of  April-the  beginning  of  May; 
the  second  -  at  the  end  of  May-the  beginning  of  June;  the  third  — 
in  the  middle  of  June  (N.  N.  Gorchakovskaya) . 

Smokes  are  very  effective  also  in  combatting  I.  ricinus. 

Smoke  treatment  is  conducted  I8-5O  hours  before  the  admittance 
of  people.  As  practice  has  shown,  the  treatment  of  small  territories, 
as  a  rule,  does  not  reduce  the  sick  rate.  For  combatting  ticks  over 
large  areas  aircraft  and  helicopters  are  widely  used  at  the  present 
time . 

The  use  of  aviation  in  treating  forests  for  the  purpose  of 
combatting  ticks  —  the  carriers  of  encephalitis,  was  first  carried 
out  in  1953  in  the  Kuybysheva  Oblast  under  the  management  of  a  group 
of  comrades  headed  by  N.  N.  Gorchakovskaya.  Up  to  the  present  time 
on  the  basis  of  laboratory  and  field  experiments  it  has  been  established 
that  the  minimum  toxic  dose  of  DDT  disinfecting  powder  causing  a  high 
percent  (96-99)  of  tick  destruction  is,  20  kg/ha. 

Prom  this  dose  hungry  individuals  die  on  the  7th  day;  with  a 
dose  of  30  kg/ha  —  on  the  5th  day;  with  50  kg/ha  —  on  the  3rd  day. 

After  a  single  spring  treatment  with  DDT  disinfecting  the  number 
of  hungry  ticks  are  decreased  by  up  to  99. 85^.  The  satiated  ticks 
mainly  remain  alive  and  they  are  able  to  lay  viable  eggs,  and 
36-37.55^  of  the  larvae  and  nymphs  mold  normally.  Thus  in  carrying 
out  sanitary  measures  it  is  recommended  that  the  treatment  of  a 
site  with  insecticides  be  conducted  not  less  than  2-3  years  in 
succession.  (From  hexachlorane  disinfecting  powder  the  number  of 
active  ticks  is  decreased  by  26-%2%.) 

At  the  present  time  early-sprlng  treatment  on  snow  Is  being 
broadly  used . 
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The  dusting  of  snow  from  an  aircraft  can  be  carried  out  only 
on  a  plain,  since  under  mountain  or  hilly  conditions  It  Is  very 
difficult  to  carry  out  thorough  treatment. 

Along  with  dusting  aerial  spraying  Is  also  being  employed .  They 
are  employing  a  20%  mlneral-oll  emulsion  of  DDT  and  a  ^Q%  emulsion 
of  DDT  paste.  For  the  elimination  of  ticks  on  an  area  of  one  hectare 
doses  of  2  kg  of  active  substance  (30  I  of  solution  are  sufficient). 
Spraying  is  l'^2  times  more  economical  than  dusting. 

For  spraying  from  aircraft  they  also  use  solutions  of  polychlor- 
pinene  (PCP)  at  a  rate  of  2  kg  of  concentrate  (30  liters  of  solution) 
per  hectare.  The  treatment  can  be  carried  out  both  before  the 
appearance  of  leaves  on  trees,  and  also  after  they  have  opened.  The 
effect  Is  equally  good  (A.  B.  Levlt). 

Spraying  with  a  mixture  of  PCP  and  DDT  (with  1.9  kg/ha  and 
2  kg/ha  respectively  according  to  technical  preparation)  also  gives 
a  good  effect  —  97.2-100^  of  the  ticks  die  (V.  S.  Rekunov). 

For  achieving  a  stable  reduction  of  the  number  of  ticks  and 
even  the  complete  destruction  of  a  population  it  is  recommended 
that  the  treatment  of  domestic  animals  with  acaricides  be  carried 
out  —  mainly  the  reservoir-hosts  of  the  mature  ticks.  According 
to  the  materials  of  S.  P.  Karpov  with  eo-authors,  with  the  systematic 
treatment  of  cattle  during  the  course  of  a  season  with  DDT  disinfecting 
powder  one  time  per  week  there  is  attained  a  stable  reduction  in  the 
number  of  ticks  on  a  site  during  the  first  year  and  their  complete 
disappearance  during  the  third  year  of  treatment.  S.  G.  Gladkikh 
and  S.  A.  Shilova  propose  treating  cattle  once  each  10  days. 

In  recent  years  chlorophos  obtained  acceptance  as  an  acaricide; 

according  to  laboratory  data,  with  a  dose  of  0.025  g  of  active 
2 

substance  per  m  and  an  exposure  of  30  minutes  all  hungry  I.  persulcatus 

2 

die;  with  a  dose  of  0.05  g/®  analogous  results  are  attained  even 

p 

after  15  mlnutee  of  contact;  with  a  dose  of  0.1  g/m  —  after  5  minutes 
of  contact.  The  residual  effect  of  the  preparation  is  short:  from 
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a  dose  of  0.1  g/m  after  9  days  only  45-905^  of  the  ticks  die 
(V.  I.  Vashkov,  Ye.  V.  Shnayder).  Prom  a  35^  solution  of  chlorophos 
(a  dose  of  1.5-3  I  per  head)  complete  destruction  of  Ixodld  ticks 
is  observed  only  after  7-13  days. 

Of  great  significance  also  in  the  prophylaxis  of  tick-borne 
encephalitis  is  the  regulating  of  cattle  pasturage  —  the  creation 
enclosed  pastures  (2-2.5  hectares  per  animal).  M.  A.  Shumkov  and 
V.  N,  Semenova  ascertained  that  the  greater  the  age  of  the  pasturage 
and  the  greater  the  intensity  of  pasture  usage,  the  less  it  is 
infested  with  rodents  —  the  reservoir  hosts  of  larvae  and  nymphs. 

Also  the  rodents  are  distributed  along  the  edges  of  the  enclosure 
in  places,  which  are  not  very  accessible  to  cattle.  Comparing  the 
indices  of  tick  abundance  on  wild  animals  and  domestic  animals 
located  in  free  pastures  and  enclosed  pastures,  it  is  evident  that 
on  "free  pasturage"  this  index  is  5-7  times  greater. 

According  to  the  authors,  the  effect  of  the  pasturage  of  cattle 
on  enclosed  pastures  is  striking:  if  this  measure  is  supplemented 
by  the  destruction  of  rodents  (in  their  natural  habitat)  and  by 
the  treatment  of  cattle  with  Insecticides,  it  is  possible  to  attain 
complete  disinfestation  of  the  territory  adjacent  to  a  settlement. 
Thanks  to  this  the  possibility  of  ticks  being  brought  into  the 
inhabited  locality  will  be  prevented. 

For  the  destruction  of  rodents  it  is  desirable  to  employ  systemic 
poison  or  combined  baits  simultaneously  destroying  the  beasts  and 
the  ticks  parasitizing  them.  The  most  promising  pi^eparatlons  in  this 
respect  are  dieldrin,  aldrin,  heptachior  and  mixtures  of  zinc 
phosphide  with  DDT.  Preparations  at  a  dose  of  2-3  mg  caused  the 
death  of  the  animal  (the  white  mouse,  the  gray  and  red  field-vole) 
on  the  3rd-4th  day,  at  the  same  time  hungry  larvae  of  taiga  ticks 
died  in  <^-100i)  of  the  cases. 

Field  testing  of  oait  with  a  mixture  of  zinc  phosphide  with 
DDT  (4^^  ZPh  +  1%  technical  DDT)  showed  that  with  a  dose  of  1  kg/ha 
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almost  complete  destruction  of  the  rodents  is  attained.  On  individual 
rodents  poisoned  during  the  course  of  2  months  (June- July)  there 
were  no  larvae  and  nymphs . 

Analogous  results  were  also  obtained  from  baits  containing 
yf()  heptachlor. 

At  the  present  time  three  ranges  of  disease  have  been  distinguished 
frequent  diseases,  sporadic  outbreaks  and  single  cases.  In  the  range 
of  frequent  diseases  it  is  necessary  to  carry  out  a  whole  complex 
of  prophylactic  measures  both  in  the  region  of  active  foci,  and  also 
pot'-ntial  foci. 

In  the  range  of  sporadic  outbreaks  prophylactic  measures  are 
carried  out,  as  a  rule,  only  according  to  the  epidemic  indications  — 
around  the  active  foci  and  children's  sanitation  institutions. 

In  the  range  of  single  cases  it  can  be  limited  to  treatment 
around  children's  sanitation  institutions. 

Combatting  Other  Ixodld  and  Also  Gamasld 
and  fromblculid  "llricks 

In  human  habitations  it  is  possible  to  record  the  most  diverse 
ticks;  in  rodent  burrows  —  gamasid  ticks  (B.  bacoti,  L.  agilis  and 
others),  in  the  nests  of  birds  (under  slate,  behind  window  frames, 
in  attics,  in  ventilator  openings  —  gamasid  and  argasid  ticks 
(Hg.  casalis,  St.  viator,  D.  gallinae,  A.  persicus  and  others),  in 
slots  and  cracks  of  walls  —  gamasid,  argasid  and  ixodld  ticks. 

The  main  prophylactic  measure  nhould  be  the  maintenance  of  a 
building  in  a  proper,  sanitary  condition  —  to  make  it  inaccessible 
to  birds  and  rodents  (tightly  fitted  boards,  screened  attic  windows 
and  ventilator  openings,  the  sealing  up  of  cracks,  the  plastering 
and  white-washing  of  walls,  the  prevention  of  cluttering).  Along 
with  this  there  should  be  carried  out  the  destruction  of  rodents 
by  all  accessible  methods  and  means. 
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It  is  necessary  to  note  that  after  destroying  rodents  and  birds  — 
the  sources  of  food  for  ticks,  the  latter,  as  a  rule,  start  to  attack 
man.  To  avoid  this  it  has  been  proposed  to  first  carry  out  disinfesta¬ 
tion,  and  then  deratization. 

Against  ticks  it  is  possible  to  use  all  knovm  insecticides. 

Ye.  A.  Nel'zina  applied  fleacide  against  B.  bacoti,  poured  pyrethrum 
on  upholstered  fi’.rniture,  daubed  the  cracks  jn  floors  with  soap-K. 

After  2-3  such  treatments  with  an  interval  of  one  week  between  the 
treatments  no  ticks  were  detected  in  an  apartment. 

According  to  the  materials  of  I.  I.  Seledtsov  and  V.  P.  Protsenko, 
B.  bacoti  ticks  upon  contacting  105^  DDT  disinfecting  powder  (a  dose 
of  2  g/m^)  die  after  30  minutes. 

With  the  blowing  of  DDT  and  hexachlorane  disinfecting  powders 
into  rodent  burrows  (1.5-2  g)  a  stable  effect  is  observed.  It 
is  feasible  to  apply  liquid  preparations  (solutions,  emulsions). 

In  the  treatment  of  furniture  it  is  necessary  to  focus  attention  on 
cracks,  the  internal  surfaces  of  chests,  the  lower  surface  of  shelves, 
carrying  out  a  solid  treatment  of  them.  Al].  internal  and  lower 
surfaces  are  treated  with  an  emulsion  or  aolution  of  the  preparation 
in  kerosene.  In  the  absence  of  liquid  preparations  chests  and  shelves 
can  be  treated  with  disinfecting  powder.  After  treating  the  working 
surface  of  a  table  it  is  covered  with  paper,  and  the  insecticide  is 
not  removed  for  as  long  a  time  as  possible. 

In  infested  premises  papers,  books  and  other  articles  are 
subjected  to  treatment.  The  disinfecting  powder  is  Introduced 
between  books,  packs  of  papers  and  similar  materials.  When  necessary 
the  clothing  of  persons  being  subjected  to  massive  and  systematic 
attacks  of  ticks,  is  dusted  with  DDT  or  hexachlorane  disinfecting 
powder;  it  is  then  folded  and  left  for  2-4  days  in  tightly  sealed 
bags  of  closely  woven  cloth  or  paper  (pillowcases,  paper  bags,  etc.) 
or  subjected  to  treatment  in  chambers. 
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In  foci,  where  attacks  of  rat  ticks  on  people  have  been  recorded, 
before  carrying  out  disinfestation  the  rodents  are  caught  by  mechanical 
methods  both  on  the  area  of  the  premises  infestated  with  the  ticks 
so  also  in  neighboring  premises,  taking  in  as  large  an  area  as 
possible.  To  prevent  the  ticks  from  crawling  from  the  rats  which 
have  been  caught  in  the  traps  frequent  inspections  of  the  traps  are 
organized  in  order  to  provide  the  rapid  removal  of  the  rats  from 
the  traps  and  snares.  The  corpses  of  the  rats  caught  in  the  traps 
(both  are  then  infestated  with  ticks)  are  immediately  treated  with 
DDT  or  hexachlorane  disinfecting  powder  and  placed  in  sacks  of  closely 
woven  cloth,  treated  with  the  same  preparation  on  the  inside. 

After  placing  the  rats  in  the  sacks,  the  sacks  are  tightly  tied  up. 

The  places  where  the  snares  and  traps  stood  are  also  treated  with 
DDT  or  hexachlorane  preparations  for  a  radius  of  up  to  2  m.  After 
the  trapped  rodents  are  removed  their  burrows  are  treated  with  DDT 
or  hexachlorane  disinfecting  powder  as  well  as  possible  and  they 
are  as  thoroughly  sealed  up  as  possible. 

When  it  is  necessary  to  use  premises  suspected  of  being  infestated 
with  ticks  it  is  desirable  to  subject  it  to  fumigation  with  sulfur  ('} 

dioxide  or  chloroplcrin,  taking  all  necessary  measures  of  precaution 
to  eliminate  the  possibility  of  poisoning  people. 


In  combatting  ticks  in  artificial  nests  (birdhouses,  hollow  in 
trees,  pigeon  coops,  attics)  it  is  also  possible  to  employ  aqueous 
suspensions  and  disinfecting  powders  of  insecticides.  It  is  desirable 
to  carry  out  treatment  2  times  —  before  the  arrival  of  the  birds 
(in  March)  and  after  the  end  of  nesting  (August). 

In  recent  years  in  combat  ing  gamasid  ticks  there  have  been 
applied  silica  gel  [a  silicoorganic  compound,  containing 
4.7?^  )2SiFg ],  malathlon,  gamma-isomer,  chlordane,  diazinon  and 
chlorophes.  Silica  gel  disinfecting  powder  has  been  used  to  dust 

p 

habitable  rooms,  basements  and  attics  at  a  rate  of  5  g/m  .  After 
treatment  ticks  were  not  recorded  for  a  total  period  of  observation  - 
of  from  6  weeks  to  1  year.  After  applying  malathlon  disinfecting 

powder  (82  g  per  linear  meter)  ticks  were  absent  for  a  period  of 
5  months. 
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Against  gamasid  ticks  there  are  applied  gamma  isomer, 

2^  chlordane,  2^  ma  lathi  on  end  0.55^  diazinon  (Rodriquez,  Trumm). 

We  observed,  as  a  result  of  the  application  of  a  2^  solution 

of  chlorophos  all  bird  ticks  D.  galllnae  died,'  which  were  occupying 

2 

working  premises.  In  treating  24  m  2.5  I  of  solution  was  expended. 

Also  applicable  in  combatting  gamasid  ticks  ere  Insecticidal 

2 

smokes.  With  a  dose  of  5-8  g  of  active  substance  per  m  there  is 
observed  the  death  of  all  active  stages  of  ticks  located  outside 
a  deep  dug-out. 

Measures  for  Combatting  Ticks 
at  Populated  Rolnts 

The  most  important  problem  in  combatting  ticks  at  inhabited 
points  on  the  whole  is  also  keeping  them  in  a  proper  sanitary-hygienic 
state.  As  prophylactic  measures  it  is  recommended  that  there  be 
carried  out;  1)  the  solid  clearing  of  the  territory  of  a  habitable 
section  and  the  zone  surrounding  it  (into  the  depth  of  a  forest, 
a  steppe)  to  a  distance  of  500  m  from  the  outskirts  of  the  populated 
section;  2)  the  persecution  of  rodents  at  an  inhabited  point  and  in 
its  surroundings;  5)  the  disinfestation  of  foci  of  tick  reproduction; 

4)  the  treating  of  domestic  cattle. 

One  of  the  wide-spread,  earlier  methods  of  protecting  animals 
from  ticks  was  the  bathing  of  cows  and  sheep  in  special  basins  with 
the  addition  of  various  preparations.  For  the  bathing  of  the  cows 
there  was  used  a  1%  solution  of  SK-9,  for  sponging  them  down  - 
solution.  The  period  of  effect  of  a  preparation  in  earl.y  spring,  in 
autumn  and  in  winter  was  15  days,  and  in  summer  10  days.  For  these 
same  purposes  there  are  used  arsenic  preparations  (a  0.225?^  solution 
of  sodium  arsenide).  Antitick  measures  should  be  started  in  spring 
before  the  pasturage  of  cattle  in  the  fields  and  continued  during 
the  whole  time,  that  ticks  preserve  their  mobility,  at  intervals  of 
10  days  (S.  F.  Vyazkova). 

For  prophylaxis,  and  also  for  the  destruction  of  ticks  during  the 
period  of  their  stay  on  animals  there  are  recommended  various  insecti¬ 
cides  possessing  high  acaricldal  properties  (Table  38). 
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Table  36/  InaacilcUea  and  tick  control 
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▼arlous  degrees  the  latter  died  at  this 

wtiation  of  H.  time,  and  by  the  10-26- 
ioUcun,  H.  detri-  -35th  day  absolutely  all 
ticks  of  them  died 


The  treatment  of  cattle  against  ticks  is  carried  out  mainly 
in  the  spring-summer  period.  However  in  combatting  certain  species 
it  is  also  necessary  to  carry  out  treatment  in  the  cold  season. 

Thus,  according  to  the  materials  of  A.  P.  Kas'yanov  (19^7),  under 
the  conditions  of  the  Khabarovsk  region  D.  nuttalll  ticks  —  the 
basic  carrier  of  tick  exanthematous  typhus  of  Asia  —  winter  on 
cattle  situated  in  stalls. 

0.  lahorensls  ticks  —  the  carriers  of  brucellosis,  tularemia, 
toxoplasmosis  and  hemosporidiosis  parasitize  cattle  from  December 
to  March;  all  stages  development  of  H.  scupense,  the  larvae  and 
nymphs  of  R.  bursa,  and  in  the  southern  regions  the  imagoes  of  ticks 
of  the  genus  Haemaphysalit.  also  parasitize  cattle  in  the  cold  season. 
Consequently,  it  is  at  this  time  that  there  should  be  concentrated 
control,  which  is  carried  out  by  the  method  of  dusting  animals . 

In  treating  of  animal  husbandry  economies  along  with  dusting 
and  spraying  Insecticidal  aerosols  are  also  applicable.  In  treating 
premises  with  DDT  and  hexachlorane  aerosols  15-20  ml/m^  are  sufficient 
with  an  exposure  of  2  hours.  A  solution  of  chloroethane  (5-8%) 

p 

containint  kk.1%  chlorine,  in  an  amount  of  15  ml/m  causes  the  death 
of  all  larvae  and  hungry  females  of  R.  bursa,  H.  plumbeum  after 
15  minutes  of  exposure . 

Of  aeiosols  under  laboratory  conditions  we  tested  smoke  mixtures 
containing  chlorophos,  dithiophos,  octamethyl,  DDVP,  thiophos  and 
sulfur.  In  the  experiment  there  were  included  all  active  stages 
of  0.  tartakowskyi,  H.  anatollcum,  H.  detritum,  H.  asiaticum  ticks 
and  I.  persulcatus  larvae.  With  a  dose  of  20  g  of  active  substance 
per  m^  and  an  exposure  of  20  minutes  the  greatest  percent  of  all 
species  (9O-IOO51S)  died  from  smoke  mixtures  —  octamethyl  (0-5), 
chlorophos  (x-1),  a  mixture  of  chlorophos  with  d^ ^hiophos  (D-7) 
and  thiophos  (m-5). 

In  the  complex  of  prophylactic  measures  along  with  treating 
cattle  and  premises  there  should  also  be  included  the  disinfestation 
of  pastures  and  places  frequently  visited  by  people.  For  these 
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purposes  it  is  possible  to  employ  all  the  doses  of  poison  and  forms 
of  their  applications  expounded  in  the  division  on  the  organization 
of  control  at  foci  of  tick-borne  encephalitis. 

Against  trombicullJ  ticks  along  with  general  sanitary  measures 

(clearing  ohe  area  of  clutter,  destroying  the  rodents,  etc.) 

insecticides  are  also  applied .  Good  results  were  provided  by  a 

1^  emulsion  of  chlordane  and  0.2^  emulsion  of  lindane  at  a  dose 
2 

rate  of  16. 5  i/m  (20  gallons  per  acre)  and  wettable  powders  and 
disinfecting  powders  of  these  preparations  and  hexachlorane  at  a  dose 
rate  of  140-225  g/m^  (1.25-2  pounds  per  acre)  (Trautman,  I96I). 

Traub  and  Dowling  (196I)  under  the  conditions  of  Malaya  carried 
out  a  broad  experiment  against  trombiculid  ticks.  The  site  heavily 
overgrown  with  coarse  grassy  vegetation  and  small  shrubs,  in  which 
rats  bounded  which  were  severely  Infested  with  tick  larvae  was 
sprayed  with  a  15$^  oil  emulsion  of  dieldrin.  Per  m  they  applied 
from  226.8  to  567  g  (2-5  pounds  per  acre).  On  the  area,  where  fine 
dispersion  was  applied  the  index  of  abundance  fell  from  315  to  9» 
and  where  the  solution  was  coarsely  dispersed  —  from  370  to  I3.  After 
26  months  the  index  of  tick  abundance  did  not  exceed  I6. 

The  authors  also  checked  the  possibility  of  sanitizing  a  region 
by  the  method  of  burning  the  vegetation.  If  burning  the  vegetation 
had  no  effect  on  the  rats,  there  was  a  certain  noticeable  reduction 
in  the  number  of  larvae,  however  after  7  weeks  it  was  completely 
restored . 

Footnotes 

^At  the  basis  of  the  description  of  the  trombiculids  used  by 
us  are  the  works  proposed  by  Ye.  G.  Shluger,  1955. 

®At  the  basis  is  offered  the  description  by  A.  B.  Lange  (1955). 

’According  to  the  system  of  families  proposed  by  M.  V.  Pospelova- 
Shtrom  (195.'5),  in  the  fauna  of  the  USSR  4  genera  are  mentioned.  We 
adhere  to  the  system  ac''epted  by  the  leading  scientific  establishment 
of  our  country  —  the  Zoological  Institute  of  the  Academy  of  Sciences 
o"  the  USSR. 
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CHAPTER  XXIII 


BUGS  AND  THEIR  CONTROL 

The  bug  —  Cimex  lestulariui; ,  order  Rhynchota,  I'amlly  Clmicidae. 

Its  body  Is  russet  colored,  has  an  elongated  cr  round  shape; 
on  its  degree  of  satiation  affects  it  —  in  a  hungry  bug  the  body  is 
flattened.  The  female  is  larger  than  the  male:  the  length  of  the 
female  is  6  mm,  male  is  5  mm.  The  body  of  the  male  is  narrower; 
the  body  of  the  female  is  broader  and  has  a  rounded  shape.  The  head 
of  the  bug  is  only  slightly  mobile  and  is  equipped  with  four-segment 
antennae.  The  eyes  are  simple  and  highly  convex.  The  oral  apparatus 
is  of  the  piercing-sucking  type. 

From  the  anterior  end  of  the  head  extends  a  proboscis;  at  rest 
it  is  folded  over  on  the  abdominal  side.  The  proboscis  is  formed 
by  the  lower  lip;  in  it  are  hidden  4  piercing  bristles  serving  to 
perforate  the  skin.  With  the  proboscis  the  bug  sucks  blood  into  the 
digestive  tract. 

The  bug  has  pedicels,  which  terminate  in  three-segment  tarsi 
with  two  claws.  It  moves  with  a  speed  of  1-1.25  m/min. 

In  the  male  on  the  anterior  end  of  the  abdomen  is  located  a 
capulatlve  apparatus  with  a  crescent-shaped  form. 


Q 


650 


The  development  of  the  bug  passes  through  three  phases;  the  egg, 
the  larva,  the  sexually  mature  individual. 

Bugs  multiply  rather  rapidly.  In  one  day  the  female  can  lay 
from  1  to  12  eggs,  and  during  her  whole  life  up  to  500  eggs.  The 
eggs  of  bugs  have  an  oval  shape;  the  female  attaches  them  in  a  vertical 
or  slanting  position  with  a  glue  mass,  which  being  softened  in  water 
readily  swells,  which  distinguishes  it  from  the  glue  of  lice. 
Ovlposltlon  depends  on  the  conditions  of  feeding  and  temperature; 
the  most  favorable  is  a  temperature  of  25°.  A  decrease  in  temperature 
or  its  increase  up  to  40°  unfavorable  effects  the  number  of  eggs  laid. 
Starvation  reduces  the  number  of  eggs  laid,  but  it  does  not  stop 
oviposition. 

The  development  of  the  larva  in  the  egg  depends  on  temperature: 
at  35-37°  it  lasts  4-7  days,  and  at  22-26°  on  the  average  8-9  days; 
with  the  temperature  of  a  room  at  14-18°  the  period  of  development 
of  a  larva  is  extendei.'  up  to  15-29  days . 

A  bug  larva  after  its  emergence  from  the  egg  goes  through  5  molts; 
after  each  molt  the  larva  has  to  without  fail,  at  least  once,  suck 
blood.  At  a  temperature  of  about  25-30°  all  stages  of  its  development 
occur  In  23  days;  under  less  favorable  conditions  the  development 
is  extended  up  to  3  months  and  more.  Larvae  are  resistant  with 
respect  to  both  hunger  and  cold;  they  can  fast  up  to  150  days. 

After  thfc  last  molt  the  larva  is  turned  into  a  sexually  mature  insecc 
capable  of  further  reproduction  (Figs.  14,  15). 

The  development  of  bed  bugs  from  the  egg  stage  to  the  sexually 
mature  individual  occurs  in  1-4  months;  the  duration  of  life  of  a 
bug  is  up  to  14  months. 

A  bug  does  not  withstand  high  humidity,  especially  if  the  latter 
Is  combined  with  an  increase  in  temperature.  Both  the  larva  and  the 
mature  bug  at  45°  die  within  an  hour.  Bugs  withstand  low  temperature 
well:  at  -10°  they  do  not  die,  and  at  -17°  they  can  survive  for 
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about  24  hours.  Possibly,  they  can  remain  viable  even  at  lower 
temperatures,  since  there  are  indications  of  the  fact,  that  in  a 
bug  at  a  temperature  of  -21°  rigidity  appears.  In  cold  water  they 
live  24  hours. 


m 


Fig.  14.  The  bed  bug  Cimex  lestularius.  1  —  eggs; 
2  —  first  instar  larva;  3  —  second  instar  larva; 

4  —  third  instar  larva;  5  —  fourth  instar  larva; 

6  —  fifth  instar  larva;  7  —  male;  8  —  female; 

9  —  the  Infestation  of  wallpaper  with  bugs;  10  -  a 
nest  of  bugs. 
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Fig.  15.  The  oral  apparatus  of 
the  bed  bug  C.  lestularlus. 

The  proboscis  with  the  piercing 
bristles  withdrawn  (according 
to  IQiolodkovskiy ) .  1  —  antenna  : 

2  —  eyes;  3  —  upper  lip;  4  —  lower 
lip;  5  —  upper  jaws;  6  -  lower 
jaws . 


Bugs  carry  on  a  night  form  of  life,  and  during  the  day  they 
hide  in  their  resting-places.  They  are  also  afraid  of  artificial 
light.  Bugs  most  frequently  attack  man  at  night,  but  a  hungry  bug 
can  also  attack  in  the  daytime. 


The  puncture  of  a  bug  is  hardly  felt.  The  bite  is  perceived 
after  the  disappearance  of  the  bug  because  into  the  wound  during 
the  piercing  the  bug  introduces  saliva  containing  anticoagulin  and 
possessing  irritating  properties. 


Usually  a  bug  pierces  several  times  before  finding  a  suitable 
place  for  sucking.  However  the  bite  sensation  appears  only  after 
the  bug  has  crawled  away.  People  are  not  uniformly  sensitive  to  the 
piercing  of  a  bed  bug:  in  some  soon  after  the  puncture  on  its  site 
a  blister  appears  with  an  Itching  and  burning  sensation;  in  others 
the  reaction  sets  in  after  several  hours. 


The  amount  of  blood,  which  a  bug  can  suck  is  equal  to  twice 
its  weight  _  about  7  mg.  The  sucking  process  lasts  about  15  minutes. 
Usually  bugs  feed  every  24-48  hours  on  human  blood,  but  they  can 
also  feed  on  the  blood  of  animals  (guinea  pigs,  mice,  rat,  rabbits, 
bat,  and  others)  or  birds.  Bugs  can  be  artifically  fed  through  a 
membrane.  They  withstand  hunger  well,  at  low  temperature  they  can 
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fast  for  18  months.  Bugs  give  off  an  odor,  which  depends  on  a 
secretion  secreted  by  odoriferous  glands  located  in  the  mature  bug 
on  the  abdominal  side  near  the  base  of  the  third  pair  of  legs, 
and  in  larvae  —  the  back  side. 

The  biological  peculiarities  of  the  bug,  its  mode  of  life,  its 
resistivity  to  external  influences,  its  rapid  multiplication, 
and  also  its  ability  to  move  rapidly  promote  the  wide  distribution 
of  this  parasite. 

The  simplest  and  the  most  frequent  method  of  bug  distribution  — 
its  being  carried  on  articles,  furniture,  clothing,  etc.  They  can 
be  transmitted  from  one  location  to  aiiothcr,  from  one  house  to 
another,  they  can  be  transported  from  one  city  to  another.  Bugs  can 
be  transported  from  old  to  new  homes  with  furniture,  if  it  is  not 
subjected  to  thorough  disinfestation  before  being  moved  to  a  new 
location.  Theji'  can  pass  through  cracks  and  fissures  from  neighboring 
apartments.  Upon  the  entering  into  an  apartment  of  at  least  a  pair 
or  one  fertilized  female  bug  reproduction  under  favorable  conditions 
occurs  rather  intensively.  Poor  sanitation  in  living  quarters  is 
one  of  the  basic  conditions  promoting  the  propagation  of  bugs. 

The  Epidemiological  Significance  of  Bugs 

Epidemiological  observations  do  not  yield  to  bases  to  consider 
that  the  danger  of  disease  propagation  by  bugs  is  great.  However 
there  are  a  number  of  indications  of  the  possibility  of  the  trans¬ 
mission  of  pathogenic  agents  of  41  human  diseases  —  bacteria, 
rickettsial,  spirochaetae,  Protosoa  viruses,  helminthea  and  others. 

It  has  been  determined  that  bed  bugs  feeding  on  the  blood  of  a 
patient  with  recurrent  typhus  remain  carriers  of  spirochaetae. 

S.  G.  Tiktin  expressed  assumption  that  this  sickness  can  be  transmitted 
by  crushing  the  bugs  on  the  skin  and  scratching  the  latter  with 
fingernails.  The  experiments  of  D.  T.  Verzhbitskiy  with  bugs 
infected  with  plague  bacilli  showed  that  the  crushing  of  bugs  at 
bite  sites  or  at  sites  of  skin  damage  led  to  the  Infection  of  the 
experimental  animals  with  plague. 
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It  h&s  been  shown  that  many  micro-organisms  can  pass  through 
the  walls  of  the  intestines  of  the  bug  and  penetrate  into  Its  body 
tissues;  not  excluded  is  the  possibility  of  the  transmission  of  a 
virus  through  the  salivary  glands  with  the  piercing  and  the  injection 
of  saliva  from  the  glands  into  the  wound. 

In  .the  digestive  tract  of  a  bug  contentedly  for  a  considerable 
period  of  time  there  can  live  a  number  of  micro-organisms  Including 
bacilli  of  tuberculosis,  plague  and  leprosy.  Sanders  detected 
leprosy  bacilli  in  20  of  Inspected  bugs  feeding  on  the  blood  of 
a  person  sick  with  leprosy.  The  microbes  could  be  detected  in  the 
proboscis  of  the  insect  for  5  days,  and  in  the  digestive  tract  —  for 
even  l6  days.  Furthermore,  they  were  found  in  the  feces  of  the  bugs. 

McFadzean  studied  the  possibility  of  the  transmission  of 
leprosy  bacilli  (on  tarsi)  and  arrived  at  conclusion  that  the 
pathogenic  agents  of  leprosy  are  not  taken  up  by  bugs  from  the  skin  of 
leprosy  donors. 

Certain  micro-organisms  can  not  only  be  preserved  in  the  body 
of  a  bug,  but  can  also  mult;,plv  there.  Bugs  placed  on  the  corpse 
of  a  rat,  which  died  from  plague,  beccuie  infected  with  plague 
bacteria,  and  the  speed  of  Infection  depends  on  the  temperature  of 
the  corpse.  Plague  bacilli  are  preserved  in  the  body  of  a  bug  for 
from  10  to  83  days;  Splrochaetae  Obermeyer  —  up  to  62  days.  There 
are  indications  of  the  possibility  of  the  transmission  by  bugs  of 
Leichmanial  —  pathogenic  agents  of  tropical  splenomagalia  or 
kala-azar.  The  pathogenic  agents  of  leichmaniosis  can  live  in  the 
body  of  a  bug  for  up  to  41  days.  The  pathogenic  agents  of  exanthema¬ 
tous  typhus  can  be  preserved  up  to  10  days  when  feeding  on  sick  guinea 
pigs,  but  the  infected  bugs  themselves  are  not  able  to  infect  healchy 
guinea  pigs .  The  infection  occurs  after  the  introduction  to  the 
guinea  pigs  of  an  emulsion  of  such  bugs. 

Under  experimental  conditions  bugs  can  be  carriers  of  pneuraoccoci 
infections  (type  I  and  II),  transmitting  them  during  the  sucking  of 
the  blood  of  a  healthy  animal.  Bugs  can  transmit  hemolytic 
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streptococcus  to  mice,  guinea  pigs  and  rabbits  for  14-15  days,  but 
to  the  bugs  themselves  this  micro-organism,  apparently,  is  harmless. 
Smallpox  virus  lives  and  multiplies  in  the  body  of  a  bug  for  up  to 
17  days.  Bugs  can  transmit  this  Infection  to  healthy  rabbits  while 
sucking  their  blood  in  approxiniately  1/5  part  of  the  experiments. 

They  can  preserve  in  their  organism  Rickettsia  prowayekii  (A.  B.  Deyter). 
With  respect  to  tularemia  it  has  been  established  that  bed  bugs 
feeding  on  infected  pigs  or  mice  can  Infect  healthy  animals  only 
for  15  hours  after  their  feeding  on  the  sick  animal,  but  the 
tularemia  microbe  preserves  its  virulence  in  the  body  of  a  bug  for 
up  to  250  days.  There  are  indications  of  the  possibility  of  the 
transmission  by  bugs  in  a  purely  mechanical  way  of  anthrox.  Eggs 
can  be  Infected  by  the  pathogenic  agents  of  paratyphoid  fever. 

Under  experimental  conditions  bed  bugs  can  transmit  the  virus  of 
rat  exanthematous  typhus,  and  also  yellow  fever.  From  bed  bugs 
there  have  been  extracted  micrococcus  and  diphtheroid  micro-organisms. 

The  majority  of  these  works  is  based  only  on  indirect  data  and 
therefore  does  not  reflect  the  true  epidemiological  role  of  bed  bugs. 
Actually  the  natural  infectlvlty  of  bugs  has  been  proven  only  for 
the  following  pathogenic  agents;  Wucrhereria  bancofti,  Brugia  malayi, 
Trypanosoma  cruzi.  Brucella  melltensis,  Coxiella  burnetii  and 
Rickettsia  prowazchi.  In  the  feces  of  bugs  there  have  been  detected 
pathogenic  agents  of  dermal  lelshraanios is,  kala-azar,  Chagas'  disease, 
anthrox,  tularemia,  brucellosis,  paratyphoid  fever,  yellow  fever, 
rickettsialpox  and  lymphocytic  choriomeningitis.  In  experimental 
infecting  very  considerable  divergences  are  observed  in  the  periods 
of  survival  of  one  and  the  same  species  of  pathogenic  agent 
depending  upon  the  strain  of  bugs  used  and  their  physiological 
state.  Rectal  infecting  with  micro-organisms  in  many  cases  has  been 
considerably  more  successful  than  oral  infecting.  Transovarian 
transmission  was  noted  only  for  C.  burnetti,  the  pathogenic  agents 
of  exanthematous  typhus,  Minas  geraes  and  symbiotic  R.  lectularius 
and  R.  hlrundlniis.  The  death  of  bugs  was  observed  only  with  their 


infection  by  the  pathogenic  agents  of  plague  and  pneumonia.  Instances 
of  occurrence  of  naturally  Infected  bugs,  successful  laboratory 
infection  and  even  the  transmission  of  infection  to  susceptable  species 
of  laboratory  animals  are  insufficient  as  proof  of  the  participation 
of  bugs  in  the  transmission  of  any  infection  in  nature.  At  the 
present  time  there  are  acknowledged  with. very  great  reservations 
the  possible  role  of  bugs  in  the  transmission  of  leprosy,  dermal 
leishmaniosis,  kala-azar,  Q  fever,  recurrent  typhus  and  brucellosis 
(Burton) . 

The  cited  data  makes  it  possible  therefore,  to  assume  that  bugs 
can  play  a  certain  role  in  the  transmission  of  individual  types  of 
infections . 

However  bugs  cause  the  greatest  harm  to  people  by  their  bites, 
depriving  people  of  their  normal  sleep  and  rest,  which  lowers  their 
efficiency.  Through  the  bites  and  scratching  it  is  possible  to 
introduce  the  pathogenic  agents  of  skin  diseases. 

Because  of  the  fact  that  bugs  disturb  the  normal  rest  of  people 
and  are  possible  carriers  of  certain  infections  the  destruction  of 
bugs  is  absolutely  necessary. 

Measures  of  Controlling  Bugs 

In  apartments  and  dormitories  bugs  are  combatted  by  the  tenants 
themselves;  in  hotels,  medical,  children's  and  other  establishments  — 
by  the  maintenance  personnel.  In  those  cases,  when  for  some  reason 
institutions  or  occupants  of  houses  cannot  themselves  combat  the 
bugs,  they  conclude  an  agreement  with  a  dislnfectional  establishment, 
which  on  a  contractual  basis  or  by  single  applications  carry  out  this 
work. 


The  disinfestation  of  medical  and  children's  establishments, 
and  units  with  large  number  of  bugs  and  in  the  presence  of  other 
complicated  circumstances  is  carried  out  under  the  leadership  of  a 
disinfector  or  another  specialist  in  this  field. 
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For  the  purpose  of  spreading  the  knowledge  about  the  biology 
of  everyday  insects  and  methods  of  combatting  them  Institutes  of 
sanitary  education  issue  leaflets,  memoranda,  and  placards,  organize 
lectures  and  discussions.  As  a  rule,  the  effectiveness  of  control 
is  reduced  due  to  the  fact,  that  coordination  is  lacking  in  treating 
not  only  a  whole  dormitory,  but  even  one  of  its  floors.  Dwellings 
are  not  treated  as  a  whole,  even  apartments  are  not  always  completely 
treated.  The  control  of  bugs  is  also  hampered  by  the  fact  that 
effective  agents  for  combatting  bugs  are  not  always  on  sale. 

Success  in  combatting  bugs  can  be  guaranteed  only  if  disinfesta¬ 
tion  is  carried  out  methodically  and  correctly  with  the  cooperation 
of  a  whole  population  and  in  conjunction  with  other  sanitary-hygienic 
measures . 

Bed  bugs  can  live  in  dwellings,  in  bird  and  animal  cages,  on 
poultry  farms  and  in  vivariums,  etc. 

In  dwellings  bugs  conceal  themselves  in  various  crannies  and 
other  secluded  places  :  under  loose  wallpaper,  between  sheets  of 
dry  plaster,  under  window  sills,  cornices,  under  carpets,  pictures, 
shelves,  in  books,  electric  wiring,  and  with  severe  infestation  of 
dwellings  also  in  other  objects  of  everyday  home  use:  in  suitcases, 
radios,  television  sets,  table  clocks,  umbrellas,  in  boxes  of 
footwear.  ^ 

Favorable  conditions  exist  for  the  penetration  of  everyday 
parasites,  including  bugs,  from  dwelling  to  dwelling  because  there 
still  exist  a  large  number  of  dwellings  of  wooden  construction  and 
with  dry  plaster.  Bugs  readily  crawl  from  place  to  place  through 
ventilating  systems,  by  the  progress  of  technical  pipes,  and  in 
the  warm  season  along  the  outside  of  houses. 

For  the  purpose  of  preventing  the  reproduction  of  bugs 
prophylactic  and  sanitation-engineering  measures  have  great  importance. 
Proper  (without  cracks)  internal  finishing  of  premises  creates 
unfavorable  conditions  for  the  reproduction  of  insects.  Of  significant 


Importance  Is  the  systematic  repair  of  dwellings,  the  smoothing 
of  plastered  walls  and  whitewashing  them. 

To  prevent  the  reproduction  of  bugs  it  is  necessary  periodically, 
not  less  frequently  than  once  a  month,  to  attentively  examine  all 
places,  where  bugs  can  find  refuge  for  themselves.  Cracks  in  walls 
behind  baseboards  and  along  heating  and  electrical  leads  should  be 
sealed  and  filled,  loose  wallpaper  should  be  glued.  It  is  necessary 
to  Inspect  beds,  mattresses,  night-stands  or  tables,  and  also  to 
check  whether  there  are  bugs  under  carpets  or  behind  pictures  on 
wails,  especially  in  places,  where  nails  have  been  pounded. 


Before  setting  about  destroying  bugs,  the  disinfectors  find 
their  reproduction  sites.  For  this  they  first  inspect  the  premises 
to  be  subjected  to  disinfestation,  and  by  interrogating  the  tenants 
they  collect  all  the  information  (about  the  degree  of  infestation, 
etc.)  necessary  for  carrying  out  the  operation. 

The  exposure  of  bugs  and  the  checking  of  the  quality  of  the 
work  is  carried  out  visually  by  inspecting  the  sites  of  the  possible 
reproduction  of  bugs  (cracks  in  walls,  places  where  wallpaper  is 
falling  off,  electric  wiring,  books,  etc.)  and  bed  appurte  .nces  for 
the  purpose  of  detecting  of  traces  of  bugs;  but  the  absence  of  the 
latter  cannot  serve  as  proof  that  there  are  no  bugs  in  the  premises. 
The  presence  of  bugs  in  bed  frames  and  mattresses  is  checked  in  the 
following  way:  one  side  of  the  bed  is  raised  to  a  height  of  15-50  cm 
and  dropped  with  force  on  the  floor;  if  bugs  are  present  in  the  bed 
they  will  be  found  on  the  floor. 

In  cracks  it  is  easier  to  detect  bugs  with  thin,  but  rather 
elastic  metal  hooks  or  with  cotton  mointened  by  ammonium  hydroxide, 
which  are  inserted  into  the  cracks. 


Disinfestation  is  mainly  carried  out  in  the  morning  hours  with 
open  windows  or  air  vents,  which  are  not  closed  until  there  has  been 
complete  airing  out  of  the  premises. 
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Before  beginning  disinfestation  duet  and  dirt  are  removed  from 
the  surfaces  of  the  baseboards.  Furthermore,  in  dwellings  furniture 
is  moved  away  from  the  walls,  carpets  are  taken  up,  pictures  and 
tapestries  are  removed  from  the  walls,  suitcases  and  baskets  are 
opened . 

After  this  the  methods  and  means  of  disinfestating  the  inspected 
premises  are  designated.  These  articles  (mentioned  above)  are  not 
removed  from  the  premises;  they  are  also  treated  with  insecticides. 

Especially  broad  propagation  has  been  recently  obtained  by 
the  chemical  method;  the  powders  and  liquid  nf  synthetic  or  vegetable 
Insecticides  are  being  employed. 

In  dislnfestating  premises  and  articles  and  furniture  located 
therein  insecticides  are  applied  to  the  sites  where  the  bugs  live 
(cracks  in  walls,  furniture,  beds,  mattresses,  behind  baseboards, 
wallpaper,  under  carpets,  behind  pictures,  etc.).  Solid  treatment 
of  premises  (walls,  ceilings  and  so  forth)  is  possible  only  in  the 
case  when  they  are  subsequently  reconditioned. 

Liquid  insecticides  are  used  mainly  for  treating  of  sites  where 
bed  bugs  are  found:  in  walls,  stucco  moldings,  furniture,  carpets, 
blinds,  etc.  Furthermore  one  has  to  consider  that  some  of  these 
(dislnsectal,  chlorophos)  can  leave  spots  on  the  surfaces  of  polished 
furniture  and  on  wallpaper. 

Of  the  Inseciicldes  the  most  effective  combatting  bugs  are  DDT, 

the  gamma  isomer  of  hexachlorane,  chlorophos,  carbophos,  trichlorraeta- 

phos-Ji  and  pyrethrum.  Powdered  preparations  art  atomized  into  the 

cracks  between  window  and  door  frames  and  walls,  behind  wallpaper  in 

places  where  it  is  coming  off  the  walls;  they  are  also  used  to  treat 

books,  etc.  The  average  rate  of  expenditure  of  working  solutions, 

2 

emulsions,  disinfecting  powders  per  m  of  floor  varies  depending 
upon  the  infestation  of  the  apartment  with  bugs  and  the  insecticide 
applied  (Table  39). 
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The  equipment  used  for  applying  liquid  insecticides  includes 
disinfectors,  piston  liquid  atomizers,  automatic  sprayers,  hand 
sprayers,  brushes,  etc. 

Powdered  preparations  are  atomized  with  various  atomizers, 
rubber  cylinders  and  double  gauze  sacks. 

After  applying  the  preparations  to  surfaces  an  effort  is  made 
to  preserve  them  there  as  long  as  possible;  inasmuch  as  they  possess 
a  residual  effect.  Beds,  sheets,  pillows,  blankets  are  not  treated 
with  insecticides. 

DDT  Preparations.  Of  the  DDT  preparations  there  are  applied 
for  destroying  bugs  10^  disinfecting  powder,  aque  c  emulsions  of 
concentrates  and  DDT  pastes,  and  also  solutions  in  kerosene  and 
turpentine.  The  amount  of  DDT  preparation  in  working  emulsions  and 
solutions  should  not  be  lower  ^-.han  1^. 

DDT  disinfecting  powder  acts  slowly  on.  bugs.  In  a  period  of 
4-5  hours  after  disinfectation  paralysis  appears  in  them;  their  deatn 
can  occur  after  2-5  days.  If  the  DDT  preparation  has  not  been 
preserved  on  the  treated  articles  by  the  time  of  the  emergence  of 
the  larvae,  then  the  newly  hatched  larvae  are  aestroyed  by  repeated 
treatment . 

The  periods  of  death  of  b\u's  fi^m  DDT  preparations  depend  on 
the  amount  of  preparation  applied  to  a  surface.  Thus,  for  example, 
in  treating  a  surface  at  a  rate  of  1C  g  of  pure  DDT  per  m^  the 
death  o:^  insects  ensues  after  5  hours;  in  usiag  1  g/m^  —  after 
48  hours,  and  with  0.1  g/m  death  was  not  observed  at  all. 

Surfaces  treated  with  DDT  preserve  their  insecticidal  properties 

for  various  periods  of  time.  Cement,  unpainted  wood  and  glass 

preserve  their  insecticidal  properties  for  about  6  months  after 

2 

applying  the  preparation  at  a  rate  of  2-5  g/m  ;  wood  painted  a  long 
time  before  preserves  the  insecticidal  properties  for  a  month,  and 
fre*!hly  painted  wood  for  2  days.  The  solvent  also  plays  an  important 


\ 
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role.  After  evaporation  crystals  remalnj  and  a  solvent  which  remains 
ill  the  form  of  crystals  after  evaporation  is  more  economical. 

P.  I.  Nikitin  showed  that  with  the  impregnation  in  railroad 
cars  of  fabrics  and  surfaces  with  DDT  emulsions  (1-1. 5-2-5  g/m  ) 

they  preserv  their  insecticidal  properties  for  from  11  to  27  months, 
and  paralysi.  in  insects  occurs  in  1-2-3  days,  and  death  —  within 
3-9  days. 

DDT,  as  is  known,  is  nonovlcidal.  The  most  sensitive  to  the 
preparation  are  larvae  just  emerging  from  the  eggs,  and  their 
susceptibility  to  it  decreases  in  accordance  with  the  number  of 
molts  (development).  Sexual  distinctions  in  su&ceptibility  to  DDT 
in  larvae  have  not  been  noted .  Resistance  in  mature  bugs  to  the 
preparation  is  different  and  depends  on  the  degree  of  their  satiation 
and  the  temperature  of  the  premises.  Males  are  more  resistant  after 
3-5  days,  and  females  3  days  after  feeding.  Among  bugs,  which  were 
maintained  at  various  temperatures  (23-25-30°),  the  most  sensitive 
were  those,  which  were  kept  at  30°. 

Hexachlorane  is  applied  in  the  form  of  powders  containing 

6-12^  of  this  preparation.  The  expenditure  of  disinfecting  powder 

for  destroying  bugs  varies  from  6  to  10  g/m  or  when  calculated  for 
o 

1  m^  12-25  g  depending  upon  the  infestation  and  the  sanitary  state 
of  the  premises.  He^cachlorane  disinfecting  powder  acts  slowly  on 
bugs;  1-1-^  hours  after  disinfestatior  paralysis  appears  in  bugs; 
death  ensues  within  2-3  days.  The  paralyzed  insects  have  low  mobility 
and  are  not  able  to  blv.e. 

Hexachlorane  is  also  applied  in  the  form  of  solutions,  aqueous 
emulsions  and  suspensions.  The  methods  of  applying  these  preparations 
are  the  same  as  when  using  DDT. 

The  gamma  iiomer  possesses  high  insecticidal  properties;  in 
combatting  bugs  it  is  used  at  a  0.15^  concentration. 
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It  is  necessary  to  keep  in  mind  that  inasmuch  as  hexachlorane 
possesses  expressed  fumigational  properties  and  a  specific  odor, 
it  cannot  be  recommended  for  treating  all  premises ,  It  is  necessary 
to  subject  to  treatment  only  the  nesting  places  of  insects.  For 
this  purpose  it  is  possible  to  also  use  hexachlorane  pencils,  which 
are  used  to  mark  these  places. 

Premises,  objects  and  articles  are  protected  from  Infestation 
by  bugs  for  1-2  months. 

In  a  number  of  cases  in  combatting  bugs  there  are  used  for 
treating  ha.bitable  premises  (vertical  and  horizontal  surfaces) 

DDT  and  hexachlorane  aerosols  obtained  by  thermal  sublimation.  Such 
agents  are  not  always  effective.  DP"  aerosols  on  horizontal  surfaces 
preserve  their  effectiveness  (complete  destruction)  for  2-3  days; 
on  vertical  surfaces  only  a  portion  of  the  insects  dies.  With  the 
use  of  hexachlorane  aerosols  complete  destruction  of  bugs  is  not 
attained  even  on  the  first  day  of  their  application. 

a 

With  the  use  of  such  contact  insecticides,  as  dleldrin,  tocaphens, 
DDT,  pyrolan,  their  effectiveness  (complete  destruction)  on  paper 
is  preserved  for  6  months;  the  effectiveness  of  the  gamma  isomer  of 
hexachlorane,  allethrin  is  preserved  for  10-30  days,  chlordane  and 
aldrin  —  3-10  days. 

Pyrethrum  acts  faster  than  DDT,  and  hexachlorane  is  10  times 
stronger  tnan  DDT,  however  the  effectiveness  ''f  pyrethrum  even 
2  weeks  aftei"  treatment  has  considerably  decreased. 

Tne  organophosphorous  Insecticides  are  highly  effecti'''e : 
chlorophos,  metaphos,  trlchlormetaphos-3  and  others. 

Chlorophos  (2-35^  aqueous  solutions)  is  applied  like  an  emulsion 
of  DDT,  at  a  rate  of  2-4  g  of  technical  preparation  per  m  .  V.Tien 
employing  chlorophos  pencils  the  latter  are  used  to  draw  streaks 


around  the  sites  of  possible  bug  reproduction.  The  effectiveness  of 
the  applied  preparation  is  preserved  for  about  ^0  days. 


fi 

Metaphos  is  applied  in  the  form  of  a  2.5^  disinfecting  powder 

(Wefatox)  or  one  part  by  weight  of  it  is  thoroughly  mixed  with 

5-10  parts  by  weight  of  DDT  disinfecting  or  with  4  parts  of  talc. 

It  is  applied  like  DDT  disinfecting  powder  at  a  rate  of  12-25  g  of 

2 

disinfecting  powder  per  m  .  The  effectiveness  of  the  applied 
preparation  is  preserved  for  about  20  days. 

Trlchlormetaphos-5  is  used  like  chloraphos,  but  its  expenditure 
is  considerably  lower.  The  sites  of  bug  Inhabitation  and  movement 
are  treated  with  0.2-0. 4^  solution  at  a  rate  of  0.2-0. 4  g/m  ; 
the  preparation  preserves  its  effectiveness  on  a  surface  for  20  days. 

Fy re thrum.  Another  effective  method  of  destroying  bugs  is  the 

appl:. Cation  of  pyrethrum  powder.  The  reproduction  sites  are  treated 

2 

with  the  powder  (at  a  rate  of  4  g  per  m  ).  The  insects  as  a  result 
of  the  effect  of  the  pyrethrum  lose  their  mobility,  after  1-5  hours 
they  drop  and  stop  feeding.  In  cleaning  up  the  premises  it  is 
necessary  to  sweep  them  up  and  burn  them,  because  if  left  in  a 
state  of  paralysis  they  die  only  after  5-10  days. 

Fleacide  (pyrethrum  infusion)  is  more  effective  than  pyrethrum 

powder,  but  as  an  inflammable  liquid  it  requires  careful  attention. 

2 

Its  expenditure  is  equal  to  ^-6  ml  per  m  of  area. 

Anabaslne  —  a  5^  disinfecting  powder  of  anabasine-sulfate  with 
a  filler  of  saxaul  ash  causes  the  death  of  bugs  within  5  minutes 
(M.  N.  Parkhomenko). 

In  combatting  bugs  still  other  preparations  find  application, 
as  kerosene,  carbolic  acid,  acetic  acid,  solvent,  ammonia  and  others. 
As  a  result  of  the  appl^'^^tlon  of  kerosene  bugs  die  within  10  seconds, 
turpentine  —  60  seconds,  and  benzine  —  within  120  seconds.  The 
enumerated  prepaiations  are  used  both  separately,  and  also  in 

mixtures  with  each  other  for  treating  insect  nesting  sites, 
f 
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There  are  also  used  preparations.  In  whose  composition  soap  is 
Included.  The  number  of  soich  mixtures  is  very  great,  but  we  will 
limit  ourselves  to  two  examples:  1)  green  soap  (or  liquid  household 
soap)  40  parts,  pure  kerosene  or  in  half  with  60  parts  turpentine: 

2)  green  soap  or  l.lquid  household  soap  50  parts,  xylene  50  parts, 
turpentine  20  parts. 

For  the  production  of  similar  emulsions  soap  is  heated  with 
the  addition  of  a  small  amount  of  water  until  a  liquid  consistency 
is  obtained,  after  which  (after  removal  from  the  fire)  with  constant 
mixing  the  remaining  ingredients  are  added.  The  mixture  can  be 
prepared  beforehand.  Before  using  it  on  a  site  it  is  diluted  with 
hot  water  to  obtain  a  10-15^  emulsion.  At  the  present  time  these 
preparations  are  almost  not  used  because  of  the  existence  of  highly 
effective  insecticides.  Furthermore,  such  preparations  act  only  Lt 
the  time  of  application,  they  soil  articles  and  are  also  inflammable. 

In  combatting  bugs  it  is  also  possible  to  employ  the  gas  method. 
For  these  purposes  there  find  application  sulfur  dioxide,  chloropicrin 
and  others.  The  new  insecticides  have  considerably  limited  the  use 
of  fumigants,  but  they  have  not  been  completely  eliminated. 

Abroad  in  combatting  bugs  prussic  acid  is  used  for  the  disinfesta¬ 
tion  of  furniture  in  large  chambers  (with  a  volume  of  50  m^), 
specially  in  the  case  of  moving  to  another  location, 

V, 

High  insecticidal  properties  are  possessed  by  methyl  bromide. 

In  combatting  bugs  it  is  used  just  like  prussic  acid.  Methyl  promide 
has  the  advantage  over  prussic  acid  that  it  less  is  toxic  to 
warm-blooded  animals  than  prussic  acid.  When  it  is  applied  at  a 
temperature  of  15°  at  a  rate  of  1  l/xt?  all  bugs  in  so:  ^ares  die 
after  5  hours  of  exposure. 

Despite  the  fact  that  in  such  a  treatment  the  exposure  is 
longer  than  when  using  of  prussic  acid,  the  airing  out  of  the  premises 
occupies  less  time.  Thus  the  overall  treatment  time  is  actually 


666 


identical.  The  danger  to  workers  is  considerably  less  than  with  prussic 

„  acid;  the  list  of  objects,  furniture  and  bed  appurtenances,  which 

i 

>  can  be  subjected  to  treatment  with  methy  bromide  is  longer  than 

that,  whiciL  can  be  treated  with  cyanide.  The  proposed  method  of 
disinfection  is  suitable  for  combatting  the  furniture  beetle  and 
the  clothes  moth.  Among  its  deficiencies  are  the  fact  that  its 
desorption  from  objects  longer  than  that  for  prussic  acid,  and  its 
vapors  are  times  heavier  than  air. 

Resistance .  As  a  result  of  the  prolonged  application  of  the 
same  insecticides  bugs  acquire  resistance  to  the  compounds  being 
employed.  In  almost  all  countries  of  the  world  there  have  been 
found  insects  resistant  to  the  chlorinated  hydrocarbons,  the  organ¬ 
ophosphorous  insecticides  and  the  carbamates.  The  resistance  of 
bed  bugs  to  DDT  was  first  noted  in  1948  in  tropical  countries  (in 
the  Hawaiian  Islands  after  years  of  applying  this  preparation  in 
practice  for  combatting  bugs). 

In  subsequent  years  the  presence  of  resistant  population  of 
bugs  at  first  to  the  chlorinated  hydrocarbons,  and  then  to  the 

,  ^ 

organophosphorous  insecticides  and  carbamates  was  established  in 
many  countries  of  the  world;  in  Congo,  Guiana,  Israel,  Iran,  Greece, 
on  the  American  continent.  At  one  inhabited  point  in  Mexico  bugs 
were  not  sensitive  to  1~2%  DDT  emulsions,  and  from  a  4^  emulsion 
only  10^  of  the  insects  died. 

In  the  soviet  Union  the  resistance  of  bugs  to  DDT  in  various 
cities  was  studied  by  N.  S.  Garin,  M.  G.  Ryk-Bogdaniko,  V.  I.  Vashkov, 

V.  I.  Zakolodkina,  Ye,  V.  Shnayder,  V.  P.  Dremova,  V.  I.  Malitskaya 
and  others.  As  a  result  of  the  investigations  conducted  it  was 
established  that  in  almost  all  cities,  in  which  the  study  was  conducted, 
resistant  populations  were  detected.  Insects  according  to  their 
sensitivity  to  DDT  and  hexachlorane  were  4  times  (Sverdlovsk)  and 
37.7  times  (Groznyy)  lower  than  the  Insect  strain.  In  those  populated 
places,  where  sensitivity  to  DDT  and  hexachlorane  had  dropped,  it 
was  also  lower  to  chlorophos  (by  3-7  times). 
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In  those  places  where  resistance  to  DDT  appeared,  positive 
results  were  provided  by  treating  with  0.1^  gamma  isomer  of  hexachlorane 
(beds  and  mattresses)  or  0.55^  (the  remaining  infested  places  in  the 
premises),  and  also  with  ronnel,  0.55^  DDVP  or  0.5-1^  malathlon. 

When  using  the  enumerated  preparations  it  is  necessary  to  observe 
caution  when  treating  mattresses  and  beds  and  to  permit  only  weak 
coverage  of  these  objects  with  the  Indicated  insecticides.  When 
using  DDVP  it  is  necessary  to  treat  only  the  edges  and  the  seams 
of  mattresses;  in  no  case  is  it  possible  to  abundantly  moisten 
mattresses  with  a  solution  of  this  compound.  When  using  DDVP  for 
treating  mattresses  It  is  necessary  to  air  them  out  until  they  are 
completely  dry  at  least  for  4  hours  before  use.  With  negative 
results  of  treatments  repeated  disinfestation  can  be  performed  at  an 
Interval  of  not  less  than  2  weeks.  It  is  necessary  to  avoid  treating 
children's  beds,  and  also  cradles. 

Inasmuch  as  bugs  hide  in  cracks  and  crevices,  the  addition  to 

preparations  with  a  residual  insecticidal  effect  of  pyrethrin  (0.3-0. 2^) 

Increases  the  effectiveness  and  this  causes?  the  crawling  of  the 

insects  from  their  places  of  reproduction  and  thereby  improves  the 

contact  of  the  bugs  with  the  residual  deposits.  Diazinon  is  highly 

2 

effective  when  it  is  used  eta  rate  of  50  mg/m  . 

With  respect  to  bugs  resistant  to  DDT  pyrethrin  solutions 
{0.2%)  are  effective  with  synergists,  with  the  use  of  which,  however, 
there  are  required  2  or  more  treatments  at  Intervals  of  2-6  weeks. 

The  cited  data  indicate  that  in  destroying  bugs  and  other 
arthropods  it  is  necessary  with  the  appearance  of  resistance  to  change 
the  insecticides.  Such  a  necessity  arises  approximately  after  5  years 
of  application  of  one  and  the  same  insecticide.  The  employed  insec- 
icldes  can  again  be  applied  afcer  3-4  years. 

Physical  means  of  destroying  bugs  include  dry  heat;  the  flame 
of  a  blow  torch  is  used  to  burn  all  sites  of  insect  nesting,  which 
are  noncombustible  (metallic  parts  of  bugs  and  others).  Before  the 


appearance  of  pyrethrum,  DDT  and  other  insecticides  this  method  was 
the  most  reliable,  because  the  high  temperature  destroyed  the 
bugs  and  their  eggs  in  a  few  seconds.  However  this  method  constitutes 
a  fire  hazard  and  it  is  Ineffective  in  the  presence  at  sites  subjected 
to  the  effect  of  a  blow  torch,  of  deep  cracks  (brick  walls),  where 
the  effect  of  dry  heat  does  not  reach. 

Steam  also  finds  application;  it  is  obtained  from  so-called 
bug-killers,  but  with  respect  to  bugs  nesting  in  deep  cracks  of 
walls  steam  is  not  always  effective,  inasmuch  as  it  condenses  near 
the  entrance  to  the  cracks  and  does  not  provide  the  penetration  of 
heat  into  the  depth  of  the  cracks. 

For  destroying  bugs  in  soft  articles  it  is  possible  to  use 
dislnfestational  chambers. 

Presence  of  oviposited  eggs  in  bug  dwelling  sites  not  to  accessible 
to  the  effect  of  an  insecticide,  accidental  omissions  of  bug  nests 
in  treating  sites  of  bug  reproduction  -  all  of  this  serves  as  an 
Indication  of  the  necessity  of  repeated  treatment.  The  periods  of 
treatment  depend  on  the  preparation  applied  and  the  method  of 
disinfestation.  It  is  most  expedient  to  time  the  repeated  treatment 
to  the  periods  of  the  hatching  of  larvae,  i.e.,  7-10  days  after  the 
first  treatment  in  the  case  of  applying  preparations  which  do  not 
preserve  for  a  long  time  their  insecticide  properties  on  the  surfaces 
treated  with  them. 

For  the  purpose  of  destroying  bugs  there  are  also  used  varnishes 
and  paints  containing  Insecticides,  which  are  applied  on  surfaces 
(sites  of  reproduction  and  movement).  As  a  result  of  the  application 
of  such  varnishes  the  surfaces  preserve  insecticidal  properties  for 
I'p  years,  and  according  to  some  data  up  to  6  years  (see  ’’Varnishes 
and  paints"). 


CHAPTER  XXIV 


MOSQUITOES  AND  THEIR  CONTROL 
The  Pathogenic  Significance  of  Mosquitoes 

Among  the  blood  sucking  mosquitoes  with  medical  significance  is 
the  subfamily  Culicldae.  To  it  belong  the  genus  Anorheles,  the 
representatives  of  which  are  carriers  of  malaria  and  9  genera  of  the 
tribe  Cullcini,  of  which  deserving  special  attention  are  the  genera 
Aedes,  Culex,  Cullseta.  There  are  more  than  ^0  species  of  Aedes 
mosquitoes,  20  species  of  Culex  mosquitoes  and  many  species  of 
Cullseta  mosquitoes  which  are  capable  of  receiving,  preserving  for 
a  long  time  and  transmitting  the  pathogenic  agents  of  Japanese 
encephalitis.  West  Nile  encephalitis,  St.  Louis  encephalitis,  equine 
encephalitis,  dengue  fever,  Japanese  fever.  Rift  Valley  fever, 
lymphocytic  choriomeningitis,  tularemia,  anthrax,  pathogenic  agents 
of  flllariosis  and  many  other  diseases. 

Of  the  virus  diseases  on  the  territory  of  the  Soviet  Union  there 
was  first  extracted  from  mosquitoes  a  culture  of  Japanese  encephalitis 
in  The  Far  East  in  1939  by  P.  A.  Petrirhcheba  and  A.  K.  Shubladze. 

A  year  later  the  virus  of  Japanese  encephalitis  was  extracted 
from  4  more  species  of  mosquitoes . 

In  the  western  part  of  our  country.  In  the  Transcarpathian  Region, 
almost  20  years  later  there  was  detected  another  neurotropic  virus 
related  to  lymphocytic  choriomeningitis  (P.  A.  Glushchenko  with 
co-authors,  Mltamura). 
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Attention  is  being  focussed  on  a  report  about  the  ability  of 
C.  plplens  V.  pallens  mosquitoes  to  maintain  within  themselves 
poliomyelitis  virus  for  3  weeks.  Outbreaks  of  this  Infection  were 
noted  In  May-July  --  during  the  time  when  these  mosquitoes  are  present 
In  large  numbers.  In  Cuba  (Kalver)  after  decimating  the  population 
of  Culex  fatlgans  mosquitoes  an  outbreak  of  poliomyelitis  was  sharply 
reduced.  Under  experimental  conditions  C.  apicalls  mosquitoes  picked 
up  the  pathogenic  agent  of  tularemia  and  excreted  it  with  their  feces 
for  23  days.  Mice,  which  ate  these  mosquitoes,  fell  ill  with 
tularemia  (V„  M.  Belokur).  The  pathogenic  agent  of  tularemia  can 
also  be  transmitted  by  bites.  For  27  days  Aedes  vexans,  Aedes 
lutescens,  Man.  richiardli  mosquitoes  transmitted  this  Infectious 
disease  at  the  time  of  blood-sucking  (N.  G.  Olsuf'yev). 

The  External  Structure  of  the  Adult  Mosquito 

The  body  of  a  mosquito  has  a  well-proportioned,  elongate  shape 
and  three  main  sections:  the  head,  thorax  and  abdomen. 

The  head  is  small  and  has  a  spherical  shape;  the  lateral  surfaces 
of  the  head  are  almost  completely  occupied  by  large,  compound  eyes. 

From  the  base  of  the  proboscis  extend  two  mandibular  palps  (antennal), 
attaining  a  rather  considerable  length.  In  the  females  the  antennal 
have  a  small  number  of  short  hairs,  but  in  the  males  due  to  the 
abundance  of  hairs  the  antennal  seem  fluffy.  The  oral  organs  of  the 
mosquito  form  a  complexly  organized  proboscis. 

The  thorax  consists  of  3  main  parts:  the  prothorax,  the  mesothorax 
and  the  metathorax.  Ail  three  parts  have  a  similarity  of  rings 
consisting  of  several  leimellae.  The  mesothorax  is  the  best  developed; 
to  it  are  fastened  the  wings  and  one  pair  of  limbs. 

Mosquitoes  have  three  pairs  of  legs  attached  to  the  thorax.  The 
wings  are  attached  to  the  dorsal  side  of  the  mesothorax.  The  latter 
have  an  elongated-oval  shape  with  a  large  number  of  longitudinal  and 
transverse  veins. 
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The  abdomen  of  a  mosquito  Is  oblong  and  elongated  In  shape.  It 
consists  of  10  segments,  of  which  the  last  two  differ  greatly  from 
the  others.  They  are  adapted  to  carrying  out  the  function  of  repro¬ 
duction  and  are  called  the  genitalia.  Between  the  2nd  and  6th 
segment  of  the  abdomen  in  che  pleura  are  6  pairs  of  abdominal  spiracle:-: 
(stigmas) . 

Mosquitoes  have  4  stages  of  development:  egg,  larva,  pupa,  imag'. 

The  Egg  of  Cullcldae  is  cylindrical  of  clgar-llke  in  shape  with 
a  rather  flat  external  shell.. 

Mosquitoes  of  the  Anopheles  and  Aedes  genera  lay  their  eggs,  as 
a  rule,  one  at  a  time;  Culex,  Cullseta,  Uranotaenia  mosquitoes  —  in 
compact  piles,  reminiscent  in  their  structure  of  a  saucer  or  a  small 
boat . 


The  mosquito  larvae  of  the  family  Culicidae  have  spindle-like 
shape  with  an  enlarged  anterior  end;  the  larva  body  consists  of  three 
sections:  head,  thorax  and  abdomen  covered  with  a  large  number  of 
variegated  hairs . 

The  head  of  the  Anopheles  larva  is  egg-shaped  form,  broad, 
severely  extended  in  a  transverse  direction.  On  the  head  of  the 
larva  are  two  pairs  cf  eyes.  Inherent  only  to  fourth  instar  larvae. 

Tlie  thorax  of  the  larva  has  a  rectanguJar  shape  and  consists  of 
3  fustd  segments,  forming  the  widest  section  of  body.  The  hairs 
covering  the  thoracic  section  are  plnnate-branched  which  are 
characteristic  for  the  genus  Anopheles;  nonmalarlal  mosquitoes  do 
not  have  these  hairs. 

The  abdomen  of  the  larva  consists  of  9  segments  well  separated 
from  each  other.  Prom  the  8th  segment  on  the  dorsal  side  of  nonmalarlal 
mosquitoes  extends  a  respiratory  tube,  or  siphon.  At  the  top  of  the 
siphon  open  spiracles,  or  stigmas;  in  mosquitoes  of  th'*  genus  Anopheles 
the  stigmas  are  located  on  the  stigma  plate  on  the  dorsal  side  of 
the  8th  segment. 
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;lcal  Characteristics  of  Mosquitoes 

Malarial  mosquitoes.  ,  The  main  carriers  of  malaria  In  our  country 
are  An.  macullpennls  and  An.  superplctus  (Pig.  16,  18).  The  first 
species  Is  very  widespread.  Its  boundary  In  the  north  Is  the  southern 
edge  of  the  taiga.  This  species  h&s  also  been  noted  In  the  Yakut 
Region.  The  second  species  Is  well-known  In  the  Caucasus  and  the 
republics  of  Central  Asia. 


Fig.  l8.  The  head  of  the  female  and 
male  of  Anopheles  mosquito:  female  (3); 
male  (^). 
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The  breeding  place  of  An.  maculipennie  are  shallow  stagnant  or 
slow  flowing  ponds,  which  are  not  contaminated  with  orgailc  sub¬ 
stances,  are  well  Illuminated,  with  various  floating  and  submerged 
vegetation.  Mosquito  larvae  are  found  In  ponds  located  In  the  flooo- 
lands  of  rivers.  In  along-shore  shallow  parts  of  reservoirs,  canals, 
sv/amps,  lakes.  In  reservoirs,  quarries,  rice  fields  and  water¬ 
collecting  systems. 

The  duration  of  development  from  egg  to  winged  mosquito  depends 
to  a  large  degree  on  the  water  temperature.  Larvae  pan  hatch  In 
reservoirs  at  temperatures  of  7-33°;  larvae  are  also  detected  In 
reservoirs  with  a  temperature  of  37°. 

Mosquito  larvae  appear  ^he  earliest  (in  March)  in  the  southern 
regions  of  the  country.  They  appear  latest  (in  mid  May)  -  in  the 
Yakut  Region.  The  flight  of  the  first  generation  starts  in  Eastern 
Transcaucasia  and  Central  Asia  In  the  .nlddle  of  April,  and  in  the 
northern  regions  of  country  and  in  the  Yakut  Region-*  at  the  end  of 
June.  Invasions  of  mosquitoes  appear  earliect  of  all  In  Central  Asia 
(the  beginning  of  May),  the  latest  -  In  the  north  of  the  European  part 
of  the  USSR  —  at  the  end  of  July  and  the  beginning  of  August  (N.  A. 
Jikhar’yants,  T.  S.  Nikolotova,  N.  K.  Shlpltslna,  Z.  I!.  Dylindina) . 

An.  superpictus  In  the  larval  stage  Is  an  Inhabitant  mainly  of 
flowing  reservoirs  well  Illuminated  by  the  sun.  It  Is  found  that  the 
basins  of  drying  up  river  beds.  In  rice  fields  with  circulating 
water,  very  frequently  It  Is  detected  In  small  depressions  “  hoof 
prints,  excavations,  pools,  and  so  forth. 

The  first  larvae  are  detected  In  the  middle  of  April,  their 
maximum  number  Is  reached  at  the  end  of  July  -  In  the  beginning  of 
August.  In  the  middle  of  September  the  number  drops  sharply.  The 
larvae  hatch  in  reservoirs  at  a  temperature  of  10-37°  (V.  V.  Almazova, 
Q.  A.  Pravikov,  L.  V.  Popov). 
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They  pass  the  winter  mainly  as  adult  mosqultoes-lmpregnated 
ffcmales.  Their  wintering  places,  as  a  rule,  are  caves,  burrows, 
hollows  of  trees,  permlses  for  cattle,  basements,  heated  attics, 
haylofts,  cellars,  warm  habitable  apartments.  On  wintering  the  main 
mass  of  mosquitoes  fly  a  distance  of  up  to  3  k.n,  individual  specimens 
up  to  l8  km. 

The  emergence  of  mosquitoes  from  their  wintering  places  starts 
with  a  rise  in  the  temperature  of  the  ambient  air  of  up  to  +9°. 

Nonmalarial  mosquitoes.  This  group  of  mosquitoes,  as  was  already 
stated,  participates  in  the  transmission  of  viral  and  bacterial 
diseases,  and  also  the  pathogenic  agents  of  flliariosls.  Especially 
are  excreted  mosquitoes  of  the  genus  Aedes,  which  are  widespread 
almost  everywhere,  especially  in  the  deltas  and  floodlands  of  largo 
rivers.  In  individual  seasons  their  number  constitutes  no^  less  than 
80%  of  all  blood-sucking  Insects  making  up  the  composition  of  blood¬ 
sucking  flies  collectively. 

Mosquitoes  of  the  ge;nus  Aedes  winter  in  the  egg  stage.  In  spring 
from  eggs  laid  in  the  previous  season  larvae  emerge.  Aedes  mosquitoes 
are  the  earliest  blood-suckers. 

After  the  spring  floods,  when  large  areas  are  flooded  witn  a 
shallow  layer  of  water,  this  water  in  these  reservoirs  begins  very 
rapjdly  to  become  heated  and  favorable  for  the  development  of  lar/ae. 

The  most  intense  development  of  larvae  occurs  at  15-25°.  In  the 
southern  regions  of  the  country  in  syrlng  the  development  of  mosquitoes 
is  completed  within  14-16  days,  and  in  the  northern  regions  ~  in  30-^J0 
days.  In  summer  at  a  water  temperature  of  30°  the  cycle  of  development 
lasts  6-11  days. 

Winged  mosquitoes  in  the  southern  republics  appear  in  March, 
disappear  in  October-November;  in  the  middle  belt  -  in  May  and  Sep¬ 
tember  respectively,  and  in  the  north  —  in  the  middle  of  June  and  August 


67b 


respectively.  Then  maxlmi’m  number  is  noted  Jn  the  south  of  our 
country  in  May,  July-August,  in  the  middle  belt  of  the  European  part 
of  the  RSFSR  -  in  May-June;  in  Western  Siberia  two  peaks  are  recorded 
—  the  first  in  May,  the  second  at  the  end  of  July-August;  in  the  Far 
East  -  at  the  end  of  May-June;  in  the  north  -  at  the  end  of  June-July 
(V.  N.  Beklemishev,  A.  V.  Gutsevlch,  M.  S.  Dudklna,  G.  A.  Kudryavtseva, 
A.  V.  Maslov). 

Hatching  mosquitoes  stay  about  one  day  near  the  hatching  site, 
then  in  short  flights  they  move  out,  getting  up  to  2-5  km  from  the 
hatching  site.  In  searching  for  food  mosquitoes  can  fly  this  distance 
and  2-3  times  more . 

Frequently  animals  "bring"  mosquitoes  to  populated  points.  Cases 
are  well-known  of  the  mass  following  of  these  insects  for  great 
distance  after  slow  moving  animals. 

After  2-4  days  the  satiated  females  set  about  ovipositing. 

During  the  time  of  the  active  life  -  activity  of  mosquitoes  (on  the 
average  40-45  days,  a  maximum  of  90)  the  females  drink  blood  not  less 
than  6-10  times  and  as  often  as  that  also  oviposit. 

The  sites  of  egg  laying  are  various  kinds  of  reservoirs,  ponds, 

etc. 

Thus,  for  Aedes  casplus  breeding  sites  are  chiefly  open  reservoirs, 
either  temporary,  or  permanent  ones,  with  a  clay  bottom  and  poor 
green  vegetation;  for  Aedes  communis  —  temporary  reservoirs  (puddles, 
dlto.-.j)  with  a  bottom  covered  with  leaves;  the  water  in  these 
reservoirs  usually  has  the  color  of  coffee  grounds. 

Aedes  clnereus  prefers  reservoirs  of  the  more  permanent  type, 
poor  in  higher  green  vegetation  (rivers,  brooks,  especially  swamps). 

Culex  modestus  (Fig.  17)  has  very  wide  distribution.  In  the 
republics  of  Central  Asia  this  is  the  most  active  blood-sucker.  The 
larvae  develop  in  small,  mainly  freshwater  reservoirs,  rich  in  green 


vegetation  and  well  Illuminated  by  the  sun  (rice  fields,  ponds,  wells, 
pit,  togs).  They  winter  both  as  in  the  egg  stage,  so  also  in  the 
winged  stage.  The  latter  spend  the  wlrter  exclusively  In  vegetation. 
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Fig.  17.  Head  of  the  female  and  male 
Culex  mosquitoes:  female  (1);  male  (2). 


Aedes  togoi  -  an  inhabitant  the  rocky  sea  coast  of  the  Yellow 
and  Japanese  seas. 
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Aede%  aegypti  in  the  Soviet  Union  is  widespread  only  on  the  Black 
Sea  Coast  of  the  Caucasus,  where  it  behaves  as  on  exceptional 
synenthrop . 


Reservoirs  of  the  most  diverse  types  -  barrels  with  rain  water, 
tanks,  bathtubs,  cistern,  pitchers  and  vases  for  flowers,  spittoons 
and  so  forth  —  are  populated  by  larvae  both  around  man's  dwellings 
and  also  inside  them.  Larvae  can  also  developln  hollows  in  trees; 
according  to  a  report  by  Kellett  and  Omardeen  larvae  have  been 
recorded  in  tree  hollows  up  to  heights  of  13  m.  Thus  mosquitoes 
have  very  wide  distribution;  sites  of  their  mass  breeding  exist  within 
populated  points  and  at  a  distance  from  them.  Frequently  the  same 
reservoirs  are  breeding  sites  for  both  malarial  and  nonmalarlal 
mosquitoes  (Fig.  19). 
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Fig.  19.  The  landing  of 
mosquitoes.  1  -  Anopheles 
macullpennls ;  2  -  Aedes 
argentens;  3  -  Culex  piplens. 
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Man  frequently  creates  breeding  sites,  which  sometimes  become 
the  main  sites.  Considering  all  this.  It  is  easy  to  see,  that 
measures  for  protecting  against  mosquitoes  must  have  two  basic  direc¬ 
tions:  Individual  and  collective. 

Basic  Means  of  Combatting  Mosquitoes 

Measures  for  combatting  mosquitoes  are  very  diverse  and  depend 
on  natural,  industrial  and  domestic  conditions.  As  a  rule,  mosquito 
control  consists  In  destroying  the  winged  mosquitoes,  their  larvae  and 
also  In  eliminating  and  reducing  their  breeding  sites . 

The  most  efficient  method  yielding  a  stable,  sanitary  effect  is 
the  method  of  hydrotechnlcal  measures. 

Among  the  number  of  small-scale  hydrotechnlcal  operations  are 
the  filling  in  of  puddles,  excavations,  quarries,  pits,  etc..  In  a  3 
kilometer  zone  around  populated  points . 


The  larger  reservoirs  locatxjd  i-rv  this.  .iuame_j5,pre.  and  not  being 
used  for  industrial  purposes  should  be  eliminated,  by  draining  off 
the  water  into  the  nearest  river,  lake,  or  canal. 

- - ^ . . . . 

Not  of  lesser  significance  is  keeping  barrels,  vats  and  cisterns 
closed  with  tight  fitting  covers.  Along  with  this  it  is  als'  necessary 
to  periodically  change  the  water  in  them. 

In  regions  with  irrigated  agriculture  the  irrigation  canals  should 
be  regularly  (in  spring  and  fall)  cleared  of  vegetation  and  silt. 

Of  great  importance  in  these  regions  is  the  strict  carrying  out  of  all 
the  rules  of  water  usage. 

It  is  necessary  to  note,  that  very  frequently  in  shutting  off  a 
branch  irrigation  ditch  an  embankment  is  piled  up  40-60  cm  from  the 
edge  of  the  main  water-carrying  irrigation  ditch.  In  the  calm  pool 
which  forms  malarial  mosquitoes  frequently  multiply. 

An  excellent  place  for  the  breeding  of  malarial  mosquitoes  are 
"hoof  prints"  -  hoof  tracks  left  on  the  banks.  Thus  it  is  expedient 
to  set  off  specific  watering  places  for  cattle  and  it  is  necessary  to 
keep  a  very  strict  watch  over  these  sites. 

It  is  also  necessary  to  maintain  hydrants  in  good  condition; 
puddles  and  marshy  areas  should  not  be  allowed  to  form  around  hydrants 
and  wells . 

Among  the  major  hydrotechnlcal  measures  are  the  drainage  of  swampy 
and  marshy  areas  and  the  preventing  of  theJr  formation  by  reinforcing 
dikes,  building  dan'.3  and  drainage  ditches;  at  reservoirs  Vi  main 
prophylactic  measure  preventing  the  formation  of  mosquito  breeding 
sites  is  controlling  overgrowth.  (V.  A.  Nabjkov,  P.  Q.  Sergiev,  A.  I. 
Yakusheva) . 

The  main  part  of  the  plan  of  prophylactic  measures  should  be  the 
comprehensive  and  rapid  detection  of  malaria  cases,  their  treatment 

I 

and  clinical  observation  of  them  for  2  years.  When  necessary  one 
should  employ  measures  to  control  the  carriers  of  malaria.  At  present 
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In  view  of  the  presence  of  stable  insecticides  control  of  adult 
mosquitoes  has  been  advanced  to  first  place.  The  method  of  treatment 
(focus,  barrier,  solid)  varies  with  the  epidemiological  indications. 

Controlling  Adult  Mosquitoes 

» 

For  combatting  nature  mosquitoes  aviation  and  ground  methods  are 
used.  Depending  on  the  problem  and  situation  Insecticides  are  applied 
In  the  form  of  powders  (disinfecting  powders),  liquids  (emulsloris, 
suspensions,  solutions)  and  aerosols. 

The  best  agents  for  destroying  Insects  in  premises  are  contact 
insecticides.  For  more  uniform  distribution  of  the  Insecticide  the 
spraying  of  the  liquid  should  be  carried  out  at  a  distance  of  0.5-1  m 
from  the  surface. 


In  spraying  a  suspension  or  an  emulsion  of  DDT  and  hexachlorane 

2 

there  la  expended  per  1  m  of  surface  to  be  treated  60-100  ml  of 
liquid,  which  contains  2  g  of  active  substance. 

The  duration  of  the  effect  of  the  preparations  depends  strictly 
on  the  character  of  the  surface  being  treated  and  temperature  conditions. 
It  is  considered  that  in  the  middle  belt  inside  premises  the  effect 
of  DDT  is  preserved  for  4-5  months,  and  hexachlorane  -  2-3  months. 

Under  con  Itlons  of  a  hot  climate  this  period  is  reduced  by 
almost  half. 

The  duration  of  the  insecticidal  effect  of  an  aqueous  emulsion 
of  DDT  at  a  dose  of  0. 8-1.0  g/m^  is  preserved  10-12  days  (F.  T.  Korovin 
with  co-authors). 

In  treating  the  green  part  of  plants  the  Insecticidal  effect  of 
an  emulslonal  DDT  doorcases  very  slowly  (in  30  days  by  lOj),  but  on 
glass  even  after  1-4  days  it  has  decreased  by  almost  half . 
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Recently  chlorophos  and  DDVP  have  begun  to  be  broadly  Introduced 

into  practice.  Under  laboratory  conditiono  the  disinfecting  powder 

2 

of  chlorophos  at  doses  of  0.025-0.5  g/n  ,  and  its  suspension  In  the 
2 

amount  of  1  g/m  after  5-15  mlnwtes  of  contact  (with  wooden  surfaces) 
causes  the  death  of  96-100$  of  the  mosquitoes  (V.  I.  Vashkov,  Ye.  V. 
Shnayder) . 

For  dese, oying  nature  mosquitoes  It  Is  sufficient  to  treat  the 
surface  of  structures  with  a  2%  aqueous  solution  of  chlorophos, 
repeating  the  treatment  in  2-3  weeks. 

For  combatting  nature  mosquitoes  the  preparation  DDVP  has  been 
proposed.  A  dose  of  0.2  ug/A  of  air  Is  sufficient  to  bring  about  tne 
death  of  95$  of  the  mosquitoes.  For  treating  premises  DDVP  Is  also 
employed  In  cartridges.  The  cartridge  with  a  length  of  60-70  cm  and 
a  width  of  10  cm  Is  filled  with  a  preparation  and  suspended  under 
the  celling  in  premises  to  be  treated  (Hall). 

The  fumlgational  properties  of  DDVP  are  also  used  for  treating 
vehlcj.es  (aircraft).  For  bringing  about  the  death  of  nature  Insects 
It  Is  sufficient  to  create  a  concentration  of  0.2  mg/A  of  air.  The 
atomization  of  the  vapors  of  the  preparation  through  the  ventilation 
system  is  not  reflected  on  the  sheathing  of  the  aircraft  nor  on  the 
passengers . 

The  Department  of  Agriculture  of  the  USA  has  reportea  on  the 
possibility  of  the  broad  use  of  DDVP  solutions  In  diesel  fuel.  In 
places  where  birds  and  animals  are  located.  A  prepared  0.5-1$ 
solution  In  diesel  fuel  Is  sprayed  at  a  rate  of  1  or  0.5  A  respectively 
per  2400  m^. 

Certain  authors  consider,  that  DDVP  on  treated  surfaces  preset ves 

Its  toxic  properties  against  mosquitoes  for  up  to  3-4  weeks.  In  our 

observations  loess  plastering  treated  with  0.2$  kerosene  solution  at 

2 

a  rate  of  100  mA/m  causes  the  death  of  all  adult  Ar.  superplctua  for 
a  period  of  35  days  (the  period  of  observation). 
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Analogous  data  with  respect  to  A.  caspius  were  obtained  by  us 
with  a  solution  of  phosphamlde. 

Metaphos  Is  very  toxic  to  adult  mosquitoes.  The  minimum  do.3e 

of  an  aqueous  suspension  providing  under  laboratory  conditions  the 

2 

complete  destruction  of  mosquitoes  on  glass  Is  0.01  g/m  on  an  oil 

2  2  2 
surface  0.2  g/m  ,  on  a  wooden  board  0.3  g/m  ,  on  plywood  0.2  g/m  , 

2  2 

on  plaster  0.6  g/m  ,  on  wallpaper  0.5  g/m  (V.  I.  Vashkov  with 
co-authors ) . 

I 

For  the  one-time  destruction  of  mosquitoes  Inside  premises  (camp 
tents)  Insecticidal  aerosols  (cylinders,  pots,  paper  and  so  forth) 
can  be  used. 

The  rate  of  expenditure  of  Insecticides  In  aerosols  per  1  of 
premises  Is  for  DDT  0.3-0. 5  gj  hexachlorane  0.3  g,  chlorophos  0.2-1  g. 
Premises  treated  with  aerosols  are  kept  closed  for  1-2  hours  when 
applying  DDT  and  hexachlorane  and  5-25  minutes  when  using  chlorophos . 


When  carrying  out  of  treatments  it  Is  necessa--y  to  consider 
the  duration  of  the  residual  effect  of  the  preparation  and,  proceeding 
from  this,  to  plan  the  time  for  repeated  treatments.  It  Is  known 
that  the  Insecticidal  effect:  of  DDT  against  mosquitoes  begins  to  be 
sharply  reduced  from  the  20th  day,  and  chlorophos  -  from  the  5-7 th 
day.  Consequently,  after  this  number  ol  days  It  Is  necessary  to 
repeat  the  treatment. 

In  combatting  adult  mosquitoes  outside  premises  It  Is  possible 
to  use  mechanical  and  chemical  methods  of  control  and  zooprophylaxis . 


By  mechanical  control  Is  understood  the  clearing  of  woods 
(gardens,  parks)  of  dead  standing  trees,  cut  shrub  overgrowth.  Thanks 
to  these  measures  the  heating  up  and  the  drainage  of  soil  Is  Increased. 
This  produces  a  reduction  In  swaapy  areas  -  the  breeding  sites  of 


mosquitoes . 


682 


A  good  effect  with  wintering  adult  mosquitoes  Is  brought  about 
by  the  burning  of  dead  standing  vegetation.  Under  the  conditions  of 
the  middle  belt  this  is  best  carried  out  in  early  spring,  in  the 
republics  of  Central  Asia  -  throughout  all  of  autumn,  winter,  and 
in  spring  up  to  the  10-20th  of  March  before  the  appearance  of  mosqi'ito 
activity . 

After  the  mosquitoes  start  flying  it  is  possible  to  carry  out 
treatment  of  a  site  with  insecticides  in  the  form  of  powders,  liquids, 
aerosols. 

As  the  observations  of  many  authors  showed  well  treated  vegetation 
in  reliable  plaje,  where  satiated  females  flying  in  for  oviposltlon 
died.  Aqueous  suspensions  of  disinfecting  powders  and  emulsions  are 
retained  well  on  vegetation;  especially  well  preserved  is  the 
insecticidal  effect  (up  to  40  days)  of  water-soap  suspensions. 

A  high  percent  of  mosquito  destruction  is  noted  with  doses  of 

2 

active  substance  per  1  m  of:  DDT  and  hexachlorane  -*  aqueous  suspension 
-  0.3  g,  pastes  and  mineral  -  oil  emulsions  of  DDT  1-1.5  g,  chlorten 
1  g,  chlorophos  0.5  g,  DDVP  0.2  g,  phosphamlde  0.02  g. 


The  duration  of  the  resldaaX  effect  for  DDT  and  hexachlorane 
with  treatment  with  aqueous  suspensions  is  up  to  a  month,  and  with 
disinfecting  powders  —  5-18  days. 

A  good  means  of  diverting  mosquitoes  from  man  is  by  the  use  of 
zooprophylaxis .  The  great  amount  of  experience  in  combatting  malaria 
has  showed,  that  the  basic  principle  of  zoopfrophylaxls  consists  in 
not  allowing  of  mosquitoes  to  get  to  man.  On  the  travel  line  of 
mosquitoes  from  the  reservoir  to  a  settlement  a  unique  zoobarrler  is 
created.  And  the  greater  the  density  of  the  cattle  distribution, 
the  more  reliable  the  barrier.  Good  results  were  observed  with  a 
space  of  up  to  3.5  m  between  cattle  pens. 

Considerir.g  that  the  basic  mass  of  mosquitoes  flying  into  ce.tle 
barns  is  composed  of  exophlllc  species,  their  destruction  can 
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achieved  by  treating  the  animals  with  Insecticides  (at  a  rate  of 
2 

30-40  ml/1  ra  body  surfcce;  the  surface  of  a  horse  and  a  cow  contains 

2  2 
about  6  ra  ,  a  pig,  calf,  sheared  sheep  and  goat  -2m;  nonsheared 

2 

sheep  and  goats  -  3  m  )  (A.  I.  Bandln). 

Combatting  Mosquito  Larvae 

In  the  system  of  measures  directed  towards  destroying  the  larve 
of  mosquitoes  It  Is  necessary  to  distinguish  two  divisions :  combatting 
malarial  and  norjnalarlal  mosquitoes. 


Combatting  nonmalarlal  mosquitoes  consists  first  of  all  in 
combatting  larvae  which  are  emerging  from  eggs  which  have  passed 
through  the  winter,  then  with  larvae  emerging  from  eggs  laid  by 
females  during  the  current  year. 

Beginning  In  early  spring,  when  ice  is  still  on  reservoirs,  and 
the  water  already  has  a  temperature  of  1-2°,  the  first  larvae  (Fig.  20) 
are  recorded  at  .some  sites.  With  each  warm  day  the  number  of  larvae 
rapidly  increases  and  attains  a  maximum  In  the  period  of  seasonal 
floods  and  soon  after  the  first  rains.  In  other  words,  in  proportion 
to  the  degree  of  flooding  of  lowlands  there  occurs  the  hatching  of 
larvae  from  eggs  which  have  passed  through  the  winter.  Considering 
this,  the  treatment  of  all  future  hatching  sites  -  the  bottom  of 
dried-up,  flood-land  reservoirs  and  coastal  lowlands  flooded  during 
the  period  ol  seasonal  floods,  should  be  carried  out  In  autumn  by 
the  first  snow.  For  treatment  there  Is  used  DDT  and  hexachlorane 
disinfecting  powder  at  a  rate  of  20  and  40  kg/ha  respectively  (G.  G. 
Zlma) . 


As  was  already  stated,  the  ephemeral  reservoirs  are  the  basic 
producers  of  mosquitoes  of  the  genus  Aedes.  All  these  reservoirs 
arS  formed  In  spring;  due  to  the  low  temperatures  the  development  of 
the  larvae  at  this  time  proceeds  slowly  (2-3  weeks).  Therefore  spring 
Inspection  makes  It  possible  to  more  exactly  detect  all  mosquito 
producing  reservoirs,  to  determine  the- zone  to  be  subjected  to  treat¬ 
ment,  and  to  correctly  plan  all  measures. 
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Pig.  20.  Larvae  of 
Anopheles  (1)  and  Culex  (2) 
mosquitoes  under  the  surface 
of  water  In  the  act  of 
breathing. 


Early-spring  delarvatlonal  treatment  can  be  most  conveniently 
conducted  with  the  help  of  aviation.  It  Is  expedient  in  the  Central- 
Asian  republics  to  begin  the  aviation  treatments  In  March,  In  Trans¬ 
caucasia  -  in  the  fir^  ten  days  of  April,  in  the  central  belt 
of  the  RSFSR  -  at  the  end  of  April,  In  the  northern  regions  and  In 
Siberia  -  in  May. 

Because  of  the  absence  of  leaves  on  the  trees  in  period  of 
early  —  spring  treatment  disinfecting  powder  loss  Is  reduced. 


In  the  southern  regions  of  the  country  and  on  the  southern  sea 
coast  (the  Par  East),  where  summer  floods  and  rains  promote  the 
hatching  of  mosquitoes  of  polycyclic  species,  it  is  desirable  In  the 
second  half  of  summer  to  conduct  repeated  treatment  of  mosquito 
hatching  sites.  ' 


For  treatment  of  reservoirs  powdered  preparations  are  used  - 
usually  10$  DDT  disinfecting  powder  and  12$  hexachlorane  disinfecting 
powder. 


The  application  of  these  insecticides  in  various  regior.s  of  the 

country  showed  their  high  effectiveness.  Thus,  under  the  conditions 

of  the  Groznyy  region  complete  destruction  of  larvae  ensued  within 

2 

a  day  from  a  dose  of  0.1  g  of  active  substance  per  1  m  . 
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The  residual  effect  of  the  preparations  was  preserved  for  more 

than  2  months.  In  the  forest  zone  of  the  central  belt  of  the  RSFSR 

2 

these  preparations  at  doses  of  0.1-0.24  g/m  caused  the  complete 
destruction  of  larvae  within  36  hours,  and  the  pupae  -  within  48 
hours.  The  residual  effect  was  preserved  for  about  1  1/2  months 
(V.  M.  Saf'yanova  with  co-authors,  B.  P.  Fedyayev). 

In  combatting  mosquito  larvae  the  dose  of  DDT  and  hexachlorane 

depends  on  the  degree  of  overgrowth  of  the  surface  of  reservoirs  and 

the  site  of  their  location.  Thus,  in  the  central  belt  for  open 

reservoirs  and  reservoirs  located  in  a  deciduous  forest  not  yet  in 

2 

leaf,  the  larvlcldal  dose  is  equal  to  0.1  g/m  ,  in  a  thick  coniferous 

2 

forest  this  dose  Increases  to  0.24-0.3  g/m  .  Under  the  conditions 

of  the  Par  East  the  dose  of  these  preparations  should  be  brought  up 
2 

to  0.5  g/m  .  Under  the  conditions  of  Central  Asia  for  open  reservoirs 

2 

a  dose  of  0.09  g/m  is  sufficient,  and  for  those  overgrown  vith 

2 

shrubs  and  thick  grassy  vegetation  -  0.1  g/m  (F.  K.  Makunin). 

For  conducting  ground  methods  of  controlling  mosquito  larvae 
there  can  be  used  all  means,  starting  with  hand  means  to  complicated 
mechanisms.  Thus,  the  treatment  of  rese*'voirs  can  be  conducted  by 
allowing  the  disinfecting  powder  in  gauze  dacks  submerged  on  a  stick 
in  water  at  a  depth  of  25-30  cm  to  get  into  the  water  and  by  employing 
dusters  mounted  on  tractors  for  dusting. 

Good  results  were  obtained  by  the  allowing  lOSJ  DDT  disinfecting 

2 

powder  at  a  dose  of  0.5  g/m  to  escape  from  these  sacks;  after  5  days 
the  reservoirs  were  free  Aedes  easrlus. 

In  treating  with  12%  hexachlorane  disinfecting  powder  the  dose 
is  cut  in  half;  the  effective  action  lasts  about  1  1/2  months. 

For  the  dusting  of  insecticides  it  is  possible  to  use  the 
high-speed  pneumatic  duster  -  0PS-30B  mounted  on  a  tractor,  .^nd  a 
TsNIDI  blower  duster  with  a  weight  of  22  kilograms.  A  powerful  stream 
of  air  atomizes  the  disinfecting  powder  up  to  a  distance  of  30  m. 


In  certain  enterprises  of  our  country  (licorice  and  Jute-hemp 
factories)  production  technology  requires  the  setting  up  of  a  large 
number  of  pits,  in  which  the  raw  material  is  soaked.  Theso  so-called 
soaking  pits  are  an  excellent  breeding  site  for  nonmalarlal  mosquitoes 
(mainly  Culex  plpiens).  For  combatting  larvae  in  these  reservoirs 
P.  K.  Makunln  suggests  kerosene  and  hexachlorane  at  a  rate  of  100  £/ha 
and  8O-85  kg/ha  respectively. 

In  California  (the  United  States)  for  combatting  mosquito  larvae 
at  enterprises  for  the  processing  of  olives  in  vats  emulsions  of 
malathlon  and  parathicn  (close  to  the  Soviet  preparations  carbophos 
and  thlophos)  are  poured  in  doses  of  O.15  and  0.002  mg/i.  V.  M. 
Caf'yanova  reported  about  the  possibility  of  employing  thlophos 
disinfecting  powder  as  a  larvicide  for  Aedes  and  Culex.  For  laboratory 
experiments  there  were  taken  5  parts  of  talc  by  weight  and  to  'it  there 
was  added  one  part  of  1$  thlophos  disinfecting  powder  by  weight. 

2 

As  a  result  of  the  application  of  2.5  mg/m  of  this  disinfecting 

powder  within  10  hours  all  Aedes  caspius  larvae  died,  and  within  l4 

hours  -  all  the  pupae.  For  obtaining  analogous  results  in  nature  a 

doubled  dose  of  thlophos  is  required.  For  combatting  mosquito  larvae 

in  the  United  States  dieldrln,  heptachlor  and  toxaphene  are  applied. 

In  severely  overgrown  reservoirs  up  to  90%  of  the  Aedes  larvae  died 
2 

from  0.01  g/m  of  toxaphene.  With  a  single  treatment  with  granulated 
heptachlor  and  dieldrln  a  swamp  was  liberated  from  larvae  for  62-26 
days  respectively. 

In  Brazil  the  toxicity  of  aqueous  suspensions  of  certain  organic 
insecticides  has  been  studied.  In  an  experiment  third  instar  larvae 
were  taken;  the  LD^q  in  grams  per  100  mil  for  the  gamma  Isomer  of 
hexachlorane  was  7.6;  aldrln  5-^;  UDT  6.2;  toxaphene  l4;  dieldrln  9.3; 
heptachlor  11.2;  methocychlor  4.4;  malathlon  5  and  5.6;  chlordane  and 
sevin  more  than  100. 

The  residual  ^.ifect  of  heptachlor  at  a  dose  of  5*6  kg/ha  lasts 
7-14  weeks. 


Baytex  turned  out  to  be  a  highly  toxic  preparation.  Even  at 
a  dilution  of  1:1,000,000,  99-99-5%  of  the  larvae  died  (Kellett, 

Qllkes) . 

For  combatting  larvae  and  pupae  emulsions  are  also  employed. 
Complete  destruction  was  observed  with  the  use  of  a  25%  DDT  emulsion 
at  a  dose  of  0.1  g/m^,  with  the  application  of  50$  DDT  paste  and  a 
65$  concentrate  of  chlorten  and  chlorindane  at  a  dose  of  0.03  and 
0.1  g/m  respectively  a  reservoir  is  liberated  from  larvae  for  a  period 
of  from  32  to  60  days.  After  this  period  in  the  reservoirs  larvae 

appear  from  eggs  laid  by  females  of  the  population  of  the  current 
year. 


Complete  destruction  of  mosquito  larvae  for  2H  hours  was  noted 
as  a  result  of  the  application  of  polychlorpinene  at  a  dose  of  1  mJl 
of  concentrate  per  1  m^  of  water  surface. 

In  recent  years  the  derivative  preparations  of  phosphlnic  acid  -- 

Bayer->L-13/59  >  dipterex,  DDVP  and  chlorophos  have  gone  through  broad 
testing. 

Foreign  scientists  have  used  water-soluble  Baver-L~13/59  for 
combatting  mosquito  larvae  in  irrigation  water.  The  larvae  of  Aedes, 
Culex,  Anopheles  mosquitoes  are  completely  killed  by  water  containing 
1  mg/ I  of  the  preparation  or  in  dilution  at  1:1,000,000. 

The  preparation  dipterex  gave  an  analogous  effect  at  a  dose  of 
0.5  mg/A,  and  parathlon  -  at  a  dose  of  0.02  mg/£.  It  is  necessary  to 
note  that  water  treated  with  these  preparations  was  toxic  to  mosquito 
larvae  at  a  distance  of  up  to  3  km  downstream. 

In  California  (tho  United  States)  against  mosquito  larvae  DDVP 
emulsion  has  been  applied.  With  coarse-drop  spraying  of  a  reservoir 
with  0.12  and  0.25$  emulsions  at  a  rate  of  95-1^0  £/ha  complete 
destruction  of  larvae  was  observed;  the  mosquito  eggs  taken  from  these 
reservoirs  were  mainly  lifeless,  and  if  larvae  did  emerge,  they 
immediately  died.  The  residual  effect  of  DDVP  emulsion  was  somewhat 
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more  than  twenty-four  hours.  The  DBVP  was  also  tested  for  destroying  the 
eggs  of  Aedes  aegypti  mosquitoes .  With  the  concentration  of  the 
preparation  in  a  solution  at  0.06  jig/i  from  87  to  lOOl  of  the  eggs 
died. 

Field  experiments  showed  that  as  a  result  of  the  application  of 
1.12  kg/ha  of  granulated  preparation  more  than  95iJ  of  the  eggs  died. 

Chlorophos  -  a  domestic  preparation.  Is  also  highly  toxic  to 

mosquito  larvae.  It  was  ascertained  that  complete  destructi'm  of 

Culex  molestus  is  provided  by  a  dose  of  0.5  g/m  or  by  a  concentration 

of  0.00005$.  The  authors  note  that  0.001$  solutions  provide  complete 

destruction  of  larvae  within  2  weeks.  Under  practical  conditions  or 

for  combatting  mosquito  larvae  in  small  reservoirs  (vats,  pits, 

ditches)  there  is  recommended  the  application  of  1  g  of  preparation 
3 

per  1  m  .  Complete  destruction  of  mosquito  larvae  is  achieved  as  a 

2 

result  of  the  application  of  0.15  g/m  of  a  1$  chlorophos  solution. 
Considering  that  the  residual  effect  of  the  preparation  Is  very  short, 
repeated  treatments  are  recommended  after  8-10  days. 

Acetoxon  stands  close  to  chlorophos  by  virtue  of  Its  Insecticidal 
effect  on  mosquito  larave .  Solutions  at  a  dilution  of  5:10,000,000 

3 

(0.5  g/m  )  caused  the  complete  destruction  of  larvae. 

In  order  to  guard  sanitized  reservoirs  against  Infestation  by 
females  It  Is  recommended  that  insecticidal  barriers  with  a  width  of 
20-50  m  be  created  around  these  sections.  As  observations  have  shown, 
such  a  barrier  inhibits  the  Infestation  by  mosquitoes  of  the  protected 
section  and  thus,  the  sanitized  reservoirs  for  a  prolonged  period  of 
time  are  not  used  for  ovipoaltlon.  Consequently,  an  object  located 
on  such  a  section,  will  be  protected  from  mosquito  attack  for  a 
prolonged  period  of  time  (A.  V.  Maslov). 

It  is  desirable  to  carry  out  the  creation  of  barriers  in  spring 
before  the  beginning  of  the  flights  of  mosquitoes.  Under  favorable 
meteorological  conditions  for  the  development  of  mosquitoes  the  barrier 
treatment  should  be  repeated  not  less  than  twice  in  a  season.  To 


avoid  the  infestation  by  mosciai  ^oes  from  an  Inhabited  locality  it  is 
necessary  to  treat  with  contact  insecticides  not  only  all  the  cattle 
sheds,  nearby  structures  and  vegetation,  but  also  the  vegetation  in 
the  zone  of  the  protected  section  located  on  the  animals  travel  path 
from  the  pasture  to  the  Inhavlted  locality. 

The  height  of  treatment  of  the  vegetation  can  be  limited  to  the 
lower  layer.  In  creating  insecticidal  barriers  around  children's 
establishments  the  treatment  of  the  vegetation  should  be  carried  out 
up  to  a  height  of  2  m. 

In  combatting  the  prelmaglnal  stages  of  mosquitoes  with  insecti¬ 
cides  there  exists  an  essential  deficiency  —  for  destroying  pupae 
higher  dosages  are  needed  than  for  larvae.  Any  Increase  in  the  dose 
of  insecticides  does  get  by  without  affecting  other  habitants  of  the 
reservoirs  (Table  ^10). 

According  to  0.  V.  Sore,  in  treating  reservoirs  at  a  rate  of 
200  g/ha  with  a  DDT  preparation,  the  latter  for  a  period  of  2  years 
is  detected  in  fish. 

Proceeding  from  what  has  been  said  above,  a  new  method  of  combatt¬ 
ing  the  prelmaglnal  stages  of  mosquitoes  is  attracting  attention  -  the 
gas-foam  method  proposed  by  V.  S.  Odintsov.  T^e  principle  of  the 
method  consists  in  the  fact  that  the  water  surface  is  covered  with 
foam,  the  former  of  which  is  sulfur  dioxide,  the  basis  —  the  foaming 
solution. 

The  foam  covering  the  water  surface  is  retained  for  several  hours 
and  even  for  several  days.  Thanks  to  this  conditions  are  created  for 
isolating  the  water  surface  from  the  air  medium  by  the  layer  of  sulfur 
dioxide . 

Mosquito  larvae  and  pupae,  as  is  known,  breathe  air,  and  to  do 
this  they  rise  to  the  surface  and  put  out  a  siphon.  When  the  water 
surface  is  covered  with  foam  with  sulfur  dioxide  conditions  are 
created  in  which  the  larvae  pupae  breathe  the  poisonous  gas  and  die. 


690 


Table  40.  Application  of  insecticides  against  mosquito  larvae. 
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Complete  destruction  of  the  mosquito  pupae  and  larvae  occurs 
within  3-^  hours. 

Other  representatives  of  the  water  fauna  are  not  subjected  to 
the  effect  of  the  gas,  since  it  volatilizes  and  in  time  the  foam 
completely  vanishes. 

As  the  experiments  showed  for  treating  1  hectare  of  surface 
100  I  of  the  foaming  agent  solution  and  0.5  kg  of  sulfurous  anhydride 
are  required.  In  combatting  larvae  and  pupae  In  a  malarial  focus 
along  with  the  above  named  preparations  oily  substances  are  employed: 
petroleum  and  Its  by-products,  and  also  lubricating  oils  and  powdered 
poisons  (Paris  green,  arsmal  [Tra.islator *s  Note:  copper-arsenic 
insecticide],  calcium  arsenlte,  thlodiphenylamlne  and  others). 

The  methods  of  petroleum  treatment  are  very  expensive,  but  In 
certain  cases  they  can  be  applicable.  For  the  delarvatlon  of  reservoirs 
with  slow  flowing  water  the  drop  method  is  applied.  On  a  board 
spanning  a  gutter,  irrigation  ditch  or  canal  there  Is  placed  a  barrel 
with  oil,  through  a  hole  In  the  bottom  of  the  barrel  there  is  placed 
a  cloth  wick.  The  liquid  escapes  along  this  wick  and  drop  by  drop 
is  discharged  into  the  water  and  spreads  over  It  In  a  thin  film. 

This  film  spreads  to  all  places  with  inhibited  flow,  where  ^lie  larvae 
of  the  malarial  mosquitoes  accumulate. 

The  liquid  from  the  barrel-drlpcock  should  proceed  at  a  rate  of 
1  drop  per  second  for  a  ditch  width  of  1  m  and  with  a  speed  of  water 
flow  of  0.1  m  s .  The  working  time  of  the  barrel  is  not  less  than 
5-6  hours.  During  this  time  there  will  be  santlzed  an  area  up  to 
i<00-500  m  downstream. 

For  the  purpose  of  decreasing  the  expenditure  of  larviclde  it  is 
possible  to  apply  the  roll-over  method  (the  stage  method).  Across  a 
canal  there  is  placed  on  board,  which  arrests  only  the  surface  layer 
of  water.  Upstream  an  oily  larviclde  is  discharged;  it  is  retarded 
by  the  crosspiece,  spread  over  the  surface  and  kills  the  larvae 
located  in  the  impounded  space.  After  2-3  hours  this  crosspiece  is 
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removed;  the  whole  oily  film  rushes  downstream,  where  at  a  distance 
100-150  m  It  Is  again  retarded  by  a  new  crosspiece.  Thanks  to  this 
method  one  portion  of  oil  moving  In  stares  liberates  several  sections 
from  mosquito  larvae. 

In  treating  of  large  water  surfaces  It  Is  also  possible  to  use 

2 

oil.  Open  reservoirs  are  sprayed  on  an  average  per  1  m  with  30  g 
of  oil,  those  covered  with  vegetation  with  40  g,  heavily  overgrown 
sections  with  50-60  g. 

In  combatting  malarial  mosquitoes  with  powders  arsenic  preparations 
can  be  applied  The  latter  are  diluted  with  neutral  dust-like 
additives:  road,  forest,  peat  dust,  talc  and  so  forth. 

Along  with  larvlvorus  fish  It  Is  necessary  to  raise  herbivorous 
fish  —  white  amur  and  silver  carp,  which,  feeding  on  the  young  sprouts 
of  water  plants  limit  reservoir  overgrowth. 

The  Application  of  Aerosols  In  Combatting  Mosquitoes 

Methods  of  obtaining  and  applying  mists  (aerosols).  For  the 
production  of  mists  mechanical,  thermal  and  thermomechanical  methods 

are  used. 

Aerosols  of  the  mechanical  type  are  obtained  with  gases  condensed 
under  pressure  with  centrifugal  and  piston  compressors  and  spinning 

disks . 

Aerosols  of  the  thermal  type  are  obtained  by  heating  an  Insec¬ 
ticidal  liquid  in  a  vessel  from  a  kettle  to  a  large  boiler),  by 
sublimating  the  Insecticide  located  In  combination  with  a  thermal 
mixture  (charge,  briquettes). 

An  aerosol  of  the  thermomechanical  type  Is  produced  by  using 
thermal  energy  and  the  speed  of  the  exhaust  gases  of  Internal 
ooiiA>ustion  engines  and  engines  of  the  pulsating  type  (turbojet 
engines). 


For  producing  aerosols  of  the  mechanical  type  It  Is  possible  to 
use  automobile  equipment  -  DUK-l,  DUK-2,  OKS  and  ONK-B  combined 
sprayers  and  others. 

Aerosols  of  the  thermal  type.  The  first  attempts  at  creation 
smoke  pots  In  our  country  v;ere  made  In  1935 >  when  A.  V.  Qytsevlch  a.nd 
V.  Ya.  Podolyan  proposed  pyrethrum  candles.  For  the  production  of  an 
Insecticide  effect  against  dipterous  blood-sucking  files  a  dose  of 
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0.5-1  g  of  candle  per  1  m  was  rerulred. 

Starting  with  1953,  In  Soviet  Union  Insecticidal  aerosol  bombs 
began  to  be  tested. 

In  an  area  treated  with  one  NBK*  bomb  the  mosquitoes  died  within 
30-^10  minutes  and  were  practically  absent  during  the  next  few  days. 

With  a  single  smoke  treatment  of  not  less  than  30-50  ha  of  open 
terrain  at  a  rate  of  one  bomb  per  1  ha  (1  kg/ha)  the  number  of 
mosquitoes  does  not  Increase  for  a  period  of  5-10  days. 

Observations  of  the  effectiveness  of  Insecticidal  aerosols  showed 
that  not  only  the  amount  of  preparation,  but  also  the  area  subjected 
smoke  treatment  determines  the  duration  of  liberation  from  persistent 
blood-sucking  flies. 

It  Is  acceptable  to  consider  that  with  a  steady  wind,  blowing 
at  a  speed  of  0.5-1. 5  m/s,  one  NBX-Q-l?  bomb  provides  a  uniform  smoke 
treatment  of  a  territory  with  an  area  of  1  ha.  Moreover,  the  highest 
concentration  of  the  preparation,  which  was  lethal  for  adult  mosquitoes, 
was  noted  within  the  distance  of  the  first  100-150  m  from  the  bomb. 

Over  more  distant  sections  the  toxicity  of  smoke  treatment  sharply 
decreases,  but  it  can  be  provided  by  exposure,  l.e.,  by  the  transit 
time  of  smoke.  The  minimum  necessai'y  time  for  poisoning  100!^  mosqui¬ 
toes  with  smoke  from  NBK-0-17  bombs  is  an  exposure  at  a  distance  of 
100  ra  of  1-3  seconds,  up  to  300  m  of  from  5  to  30  seconds,  up  to 
^<00  ra  about  5  minutes. 
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In  order  to  Increase  the  Initial  concentration  and  density  of 
smoke  It  Is  necessary  to  reduce  the  distance  between  bombs  by  up  to 
10-15  m.  In  this  case  a  toxic  dose  of  smoke  Is  provided  by  2  bombs 
imder  conditions  of  open  terrain  up  to  2  km.  In  a  sparse  forest  up 
to  50o  iij.  In  a  thick  forest  up  to  200  m.  Prom  3  bombs  smoke  spreads 
iq>  to  500  m  Into  a  sparse  forest  (K.  P.  Andreyev,  A.  M.  Mitrofanov). 

The  penetration  of  smoke  Into  the  depth  of  a  forest  depends 
both  on  the  character  and  the  density  of  the  forest,  and  al.-so  on  the 
speed  of  the  wind.  Thus,  with  a  wind  speed  of  1-2  m/s  smoke  penetrates 
UP  to  100  ra  Into  a  thick,  deciduous  forest,  and  Into  a  thick  coniferous 
forest  ]-  up  to  l80  mj  Into  sparse  forests  —  18O-38O  m  respectively. 

With  a  yind  speed  of  8  m/s  Insecticidal  smoke  can  penetrate  into  a 
sparse  {forest  to  a  depth  of  from  260  m  (deciduous)  to  600  m  (coni¬ 
ferous)!.  With  a  mild  wind  smoke  fills  hollows,  where  it  settles, 
and  with  a  high  wind  It  Jiamps  over  hollows. 

In  each  case  It  Is  necessary  to  consider  the  situation  and  pro¬ 
ceeding  it  to  determined  the  necessary  number  of  bombs  per  1  ha  and 
how  they  should  be  deployed  -  In  one  line  or  In  two  -  in  checkerboard 
fjighlon.  Smoke  according  to  the  degree  of  movement  settles  both  over 
ifind  and  over  water. 

Mosquito  larvae  swallow  particles  of  the  poison  or  come  In  contact 
with  it  and  die.  Considering  that  the  larvae  of  Aedes  mosquitoes  are 
for  a  long  time  on  the  bottom,  it  Is  necessary  that  the  smoke  treatment 
of  a  reservoir  be  carried  out  for  20-50  minutes  and  then  It  Is  possible 
to  attain  complete  destruction  of  the  larvae. 

At  a  wind  speed  of  0.5  m/s  a  decrease  In  the  number  of  larvae 
Is  notch  at  a  distance  of  up  to  170  m;  with  a  wind  of  1.5  m/s  up  to 
50  m. 

Aehes  vexans  and  Cullseta  bergrothl  larvae  die  within  24-36  hours 
at  a  distance  of  up  to  400  m  from  a  dose  of  0.03  g/m^,  from  NBK-Q-17 
aerosol I  bombs .  From ‘a  smoke’  mixture  of  DDT  and  hexachlorane  at  a 


2 

dose  of  0.02-0.05  g/m  there  la  observed  complete  destruction  of  the 
larvae  and  adult  mosquitoes  at  a  distance  of  up  to  500  m  within  12 
hours;  the  Imagoes  died  at  a  distance  of  up  to  500  m  within  24  hours. 

Thus,  for  destroylr.g  mosquitoes  In  a  region  for  a  short  period 
of  time  Insecticidal  aerosol  bombs  can  be  used.  In  preparing  a  site 
for  a  short-term  respite  It  Is  possible  to  smoke  the  region  at  a  rate 
of  0.1-0. 5  kg/ha  (2  bombs  per  3  ha);  for  a  stay  of  several  days  It  Is 
necessary  to  Increase  the  dose  to  1  kg/ha,  treating  not  less  than 
30  ha.  In  preparing  a  site  for  a  short-term  stay  one  should  apply 
"the  moving  bomb”  method  (V.  A.  Nabokov,  G.  I.  Getta). 

The  treatment  of  the  site  Is  carried  out  from  the  leeward  side; 
deeping  the  bomb  In  the  hands  or  on  a  "sleigh,"  It  Is  moved  along  a 
200-300  m  front.  It  Is  desirable  the  first  thing  In  the  morning 
before  the  arrival  of  those  who  are  to  sojourn  there  to  smoke  reser¬ 
voirs,  groves  and  other  places  where  mosquitoes  spend  the  day. 

In  combatting  blood-sucking  files  In  premises  bombs  can  also  be 

successfully  used.  One  NBK-G-17  bomb  Is  sufficient  to  destroy  all 
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blood-sucking  In  premises  with  500  m  .  And  the  residual  Insecticidal 
effect  Is  preserved  up  to  10-15  days . 

Considering  that  Insecticidal  aerosol  bombs  can  be  used  only  once, 
after  which  the  container  Is  discorded,  and  also  the  fact  that  the 
transportation  of  ready-made  bombs  Is  Inconvenient  In  view  of  their 
bulkyness.  It  Is  possible  to  successfully  use  a  multiply  acting  bomb 
—  the  IDG-3  smokegenerator . 

For  a  one-time  destruction  of  mosquitoes  In  premises  with  a 
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smokegenerator  a  dose  of  0.3  g/m  is  applied,  to  produce  a  residual- 
effect  the  dose  Is  Increased  by  5  times.  Under  the  conditions  of 
open  terrain  to  produce  analogous  results  the  doses  are  respectively 
5-6  kg/ha.  Mosquitoes  will  be  observed  dying  at  a  distance  cf  up  to 
800  m. 

In  recent  years  tests  have  been  conducted  with  chlorophos  aerosols . 
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with  the  burning  of  "aerosol  paper"®  at  a  rate  of  50  mg  of 

o 

preparation  per  1  m  all  the  mosquitoes  (Culex  molestus)  died  within 
an  hour  (6.  G.  Tslntsadze  and  others). 

Of  the  aerosols  of  the  mechanical  type  broad  application  in  livi r g 
quarters,  in  berths,  on  aircraft  can  be  found  for  insecticidal 
cylinders . 

An  insecticide  dissolved  in  freon  is  dispersed  due  to  the  evapora¬ 
tion  of  freon  at  room  temperature,  and  the  higher  temperature,  the 
less  the  dose  should  be. 

For  producing  doses  toxic  to  Insects  the  criterion  determining 
this  dose  is  the  feed  time  of  the  aerosol  from  the  cylinder.  Piom 
an  application  of  freon  aerosols  of  DDT  and  555  hexachlorane  and 
251  extract  of  pyrethrum  at  a  temperature  of  21-22°  mosquitoes  (and 
flies)  in  premises  died  within  5-10  minutes  with  a  dose  of  10-15  s 
per  100  m  (l.e.,  0.1  s/m  ) . 

Aerosols  of  the  thermomechanical  type.  For  combatting  blood¬ 
sucking  arthropods  in  a  state  of  nature  and  for  a  one-time  destruction 
of  Insects  over  large  territories  aerosols  of  the  thermomechanical 
type  are  the  most  practicable. 

In  the  Soviet  Union  the  introduction  of  aerosol  technology  was 
begun  in  19^9  (V.  F.  Stepanov). 

At  the  present  time  generators  of  various  types  are  being  used, 
beginning  with  light  ones  —  "Micron"  (19.5  kg)  to  powerful  aerosol 
generators  mounted  on  motor  vechicles  and  even  on  tracked  cross-country 
vehicles  (AG-L6;  AG-UD-2;  GBA-25;  TDA;  MAG  and  others). 

As  toxic  agents  there  are  applied:  technical  DDT  and  hexachlorane, 
65$  chlorten,  polychlorpinene .  As  solvents  -  solar,  spindle  and  green 
oil,  diesel  fuel  and  petroleum  distillate  extract. 
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Working  solutions  getting  into  the  vaporizing  chamber  are 
volatilized  and  outside  the  generator,  condensing,  are  turned  into  a 
smoke  cloud.  The  moving  cloud  envelops  all  objects,  drifts  into  all 
uneven  sections  of  the  soil.  The  speed  of  treatment  and  the  area 
covered  with  smoke  depend  upon  the  productivity  of  the  generator  and 
favorable  natural  condltons.  Thus,  small  aerosol  generators  turn 
into  an  insecticidal  cloud  within  a  minute  up  to  1  il  of  a  working 
mixture;  AG-L6  -  up  to  6  AG-UD-2  —  up  to  9  and  MAG  —  up  to 
100  i/mln. 


The  insecticidal  aerosol  cloud  produced  possesses  high  toxicity 
to  adult  mosquitoes.  In  those  places  through  which  the  mist  posses 
their  complete  destruction  is  provided.  The  residual  effect  of  the 
mist  Is  very  short  (1-6  days).  In  the  process  of  settling  on  a  water 
surface  there  will  be  formed  an  insecticide-oil  film,  which  Is  retained 
for  about  3  hours . 


For  che  production  of  a  stable  aerosol  deposit  the  diameter  of 
the  particles  should  not  be  less  than  ^5  y.  The  largest  particles 
occur  in  Immediate  proximity  to  the  generator.  Thus,  the  diameter  of 
particles  of  AG-L6  at  distance  of  25  m  varies  from  10  to  80  y,  50  m  — 
10-50  y,  100  m  —  5-30  y,  500  m  —  0.5-1  y. 


With  the  latest  generators  where  it  is  possible  to  regulate  the 
dispersiveness  it  is  possible  to  obtain  a  cloud  with  a  diameter  of  the 
particles,  which  practically  do  not  settle  and,  conversely,  the  main 
mass  of  the  cloud  can  settle.  Therefore  depending  upon  the  problem 
it  is  necessary  to  apply  the  existing  technical  possibilities. 
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The  most  favorable  conditions  for  applying  aerosols  over  an 
area  are  observed  with  a  temperature  inversion  and  isothermy.  In  the 
first  case  in  the  lower  layers  (near  the  soil)  air  temperature  is 
higher  than  at  a  height  of  2  m;  in  the  second  -  temperature  along  the 
vertical  does  not  have  a  transition;  it  is  identical  in  all  layers. 

In  an  inversion,  which  acquires  complete  development  after  sunset  and 
is  disturbed  within  1-2  hours,  a  stable  air  state  is  created,  which 
is  necessary  for  treatment. 
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Isotherray  frequently  forms  during  overcast  weather  and  in  the 
preuawn  hours  in  summer. 

For  treating  plavnl  [Translator's  note:  flooded  areas]  it  is 
possible  to  use  the  day,  morning  and  evening  hours.  During  the  day 
treatment  should  be  carried  out  from  the  reservoir,  since  the  layers 
of  air  and  the  aerosol  cloud  move  in  the  direction  of  land.  In  the 
morning  and  evening  the  smoke  screen  is  carried  from  the  land,  because 
the  cloud  will  be  rushing  toward  the  middle  of  the  reservoir. 

Under  the  conditions  of  a  forest  zone  only  the  part  of  an  aerosol 
cloud" right  near  the  periphery  (field,  edge)  gets  into  the  heart  of 
a  forest.  Its  basic  mass  moves  swiftly  over  the  forest.  Due  to  the 
fact  that  strong  vortex  streams  are  created  over  the  forest,  the 
cloud  is  attracted  downwards.  As  a  result  of  this  the  penetration  of 
the  aerosol  into  the  depth  of  the  forest,  into  the  calm  zone  is 
provided. 


Calculating  and  Evaluating  the  Results 
of  Combatting  Mosquitoes 

Reservoirs  are  inspected  before  treatment  and  8-10  hours  after 
treatment . 

•  Calculation  is  carried  out  with  a  standard  net  made  from  No.  29-35 
silk  mesh  with  a  diameter  of  20  cm,  a  depth  of  25  cm,  a  handle  length 
of  1  m.  Each  probe  serves  as  a  unit  of  calculation  -  a  sweep  with 
the  net  through  the  water  for  a  distance  of  1  In  doing  this  the 
net  is  submerged  halfway  up  the  rim  and  it  is  passed  through  the 
water  parallel  to  the  shore.  The  contents  of  every  probe  are  calculated 
taking  into  account  the  stage  of  development.  The  quotient  from  the 
division  of  all  larvae  and  pupae  by  the  number  of  probes  conveys  the 
number  of  larvae  and  pupae  in  a  given  reservoir. 

In  treating  small  (200-300  m  in  circumference)  reservoirs  20 
probes  are  taken  each  10  steps .  In  large  reservoirs  all  places 
differing  sharply  in  the  character  of  vegetation  and  the  conditions 
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of  Illumination  are  inspected.  If  the  conditions  are  identical  probes 
are  taken  each  300  m.  At  each  of  the  inspected  sites  10  probes  are 
made. 


For  inspecting  small,  shallow  reservoirs  A.  S.  Monchadskly 
suggests  using  a  gauze  disk  with  a  diameter  of  10  cm.  The  disk  Xpy 
submerged  almost  to  the  bottom,  in  an  attempt  to  get  it  under  thi?' 
larvae,  then  the  net  is  pulled  up  quickly  and  the  caught  larvae  lying 
on  the  gauze  are  washed  off  into  a  small  tub  or  in  a  test  tube. 

If  upon  inspection  of  the  reservoirs  larvae  older  than  first 
instar  are  netled,  this  Indicates  that  the  measures  carried  out  were 
unsatisfactory.  If  the  number  of  larvae  in  even  one  probe  does  not 

exceed  0.1,  then  in  this  case  with  a  large  water  surface  the  number 

of  adult  mosquitoes  produced  by  this  reservoir  will  be  appreciable. 

Thus  after  establishing  the  boundaries  of  the  areas  where  larvae  still 
exist  this  section  is  treated  once  more. 

Calculating  the  Number  of  Adult  Mosquitoes^ 

Various  methods  exist  for  calculating  nature  mosquitoes: 

1.  A  calculation  is  carried  out  once  in  five  days  at  five 

different  sites  of  the  same  zone.  At  each  site  mosquitoes  are  caught 
with  a  standard  net  (the  diameter  of  the  hoop  is  30  cm,  the  length  of 

the  handle  -  30  cm,  the  depth  of  the  net  —  up  to  60  cm)  at  three 

points.  The  mosquito  catching  is  carried  out  at  twilight,  when  the 
Insects  are  the  most  active.  One  hundred  sweeps  with  a  net  (one  sweep 
per  second),  or  3  minutes  of  catching  around  oneself  constitutes  one 
calculated  catch.  The  caught  mosquitoes  are  killed  in  an  insect-killing 
for  and  after  3-5  minutes  are  dumped  from  the  net  into  a  paper  packet 

or  test  tube. 

2.  The  catching  of  mosquitoes  at  their  daytime  rest  sites  is 
carried  out  with  a  Ye.  N.  Pavlovskiy  catching  cylinder,  an  ordinary 
test  tube,  a  test  tube-live  box  and  aspirators  of  various  types. 
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A  sitting  Insect  Is  covered  by  the  bottom  of  the  cylinder,  live- 
box,  test  tube  or  aspirator.  The  Insect  gets  inside  through  a  hole. 

3.  The  K.  A.  Breyev  method  of  collecting  blood-sucking  flies 
is  based  on  attracting  Insects  to  an  animal.  The  catching  of  the 
Insects  is  begun  at  the  head  and  then  is  carried  out  on  each  section 
of  the  body  only  once. 

4.  A.  S.  Monchadskly  and  Z.  A.  Rodzlvllovskaya  proposed  the 
method  of  catching  them  "on  one’s  self." 

A  man  sets  motionless  under  a  suspended  "bell"  for  5  minutes, 
then  he  is  quickly  covered  with  the  bell.  All  the  Insects  trapped 
upder  the  bell  are  collected.  Usually  the  collecting  of  the  Insects 
is  carried  out  with  an  aspirator.  It  is  necessary  to  note  that  the 
collecting  of  Insects  with  a  labial  aspirator  is  very  laborious, 
thus  it  Is  better  to  apply  the  hygienic  mosquito-catching  systems 
of  V.  A.  Nabokov  and  Yu.  A.  Zayfert. 

We  successfully  replaced  the  aspirator  with  a  small  air  net 
(diameter  of  20  cm) :  the  lower  edge  of  the  bell  is  pressed  to  the  earth 
with  the  leg  and  on  drawn  fabric  with  a  rapid  movement  the  catching 
of  Insects  is  accomplished.  Usually  within  2-3  minutes  it  was 
possible  to  carry  out  ohe  complete  collection  frequently  of  Insects 
number  In  the  several  thousands. 

For  collecting  insects  from  under  the  bell  A.  N.  Alekseyev 
proposed  a  mechanized  process. 

To  the  Intake  manifold  of  a  motor  vehicle  with  a  sleeve  connection 
of  a  windshield  wiper  there  Is  Joined  a  hose  on  the  other  end  of 
which  there  Is  placed  a  catching  cylinder  into  which  all  the  insects 
are  sucked. 


5.  K.  A.  Breyev  proposes  carrying  out  the  catching  of  the  Insects 
with  a  bell  not  "on  one’s  self,"  but  on  an  animal. 
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6.  Yu.  A.  Berezantsev  developing  K.  A.  Breyev’s  idea  recommends 
sewing  the  bell  not  out  of  white  coarse  calico,  but  out  of  a  dark, 
closely  woven  material  and  with  a  height  based  only  on  the  animal. 

And  on  the  dome  of  the  bell  there  Is  left  a  hole,  framed  with  a 
metallic  ring  and  closed  with  a  cap  of  gauze.  The  insects  getting 
under  bell  try  to  fly  toward  the  light  and,  consequently,  get  into 
the  cap. 

The  caps  are  replaced  every  5  minutes. 

7.  K.  V.  Skuf'ln  proposed  a  stuffed  animal-trap:  a  wooden 
framework  Is  fastened  to  4  poles,  it  is  covered  with  a  dark  fabric; 
over  the  stuffed  animal  there  are  places  traps  of  the  net-like  fly 
trap  type. 

The  Insects  are  attracted  by  the  stuffed  animal;  they  crawl  under 
It,  get  Into  the  dark  space,  see  the  light,  rush  toward  It  and  get 
Into  the  trap.  The  time  of  each  calculation  lasts  20-60  minutes. 

In  1961  M.  L.  Fedder,  E.  B.  Kerbabayev  and  A.  N,  Alekseyev  made 
a  comparative  appraisal  of  the  methods  of  calculating  the  number  with 
a  Monchadskly  bell  with  sticky  sheets  (BUChN-100)  and  by  catching 
with  an  air  net  ”on  one’s  self." 

Under  the  same  meteorological  conditions  the  total  numbers  of 
insects  (midges)  caught  on  the  sticky  sheets  was  analogous  to  the 
number  caught  with  a  bell  during  the  same  time  Interval. 

With  net  catching  their  were  always  fewer  Insects  (midges);  the 
difference  was  more  noticeable  with  a  large  number.  However,  the 
dynamics  of  the  number  were  Identical. 


Considering  this,  and  also  the  fact  the  method  of  catching  with 
an  air  net  is  very  simple  and  convenient;  it  can  be  successfully 
employed  at  permanent  stations  and  also  while  on  the  move. 
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The  obligatory  conditions  when  using  this  method  are  standardl 
zatlon  of  the  catching  conditions,  the  size  of  the  net,  uniformity 
of  net  movement,  clothing  with  a  black  color  when  calculating  the 
midges  and  so  forth. 


5'ootnotes 


*NDK  the  initial  letters  of  the  surnames  of  the  authors:  V.  A. 

Nabokov,  V.  V.  Burley,  V.  I.  Kazakova  who  developed  the  formulas  and 
technology  for  the  0-17 »  and  also  for  the  D-17  and  D-20  bombs. 

*Por  the  simultaneous  sublimation  of  DDT  and  hexachlorane  there 
were  employed  the  bombs  proposed  by  S.  S.  Degtyarev  and  0.  S.  Sakovich. 

The  authors  reconstructed  "DM-ll”  smoke-screening  bombs  Introducing 
In  them  50JJ  disinfecting  powder  of  25?  technical  preparation  of  DDT 
and  hexachlorane. 

’Aerosol  paper  Is  prepared  by  soaking  filter  paper  in  a  solution 
of  lOj  chlorophos  and  7%  potassium  saltpeter  (KNO-K  For  100  cm2 

2  ^ 

of  paper  2  mi  of  solution  are  used  (or  for  5m  of  paper  there  are 
used  5,  i  of  solution). 

'*An  analogous  method  of  calculation  is  also  applied  for  adult 
gnats  and  midges. 

0 
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CHAPTER  XXV 

MIDGES  AND  THEIR  CONTROL 

Midges  and  their  significance  In  pathology.  Midges  belong  to 
the  family  Heleldae  (ceratopogonldae) ;  they  number  more  than  350 
species  18  genera;  they  are  very  widespread  throughout  the  world. 

In  our  country  there  have  been  recorded  three  blood-sucking 
genera:  Cullcoldes  Latrellle,  1809;  Leptoconops  Skuse,  1890,  and 
Laslohelea  Kleffer,  1921,  and  they  are  recorded  from  the  central 
mountain  belt  right  up  to  the  tundra  Itself. 

The  most  characteristic  landscapes  for  them  are  the  foresv  and 
taiga  regions;  here  they  are  widespread  almost  everywhei-e. 

Midges  are  the  smallest  of  the  blood-sucking  dlptera  (1-4  mm). 
Their  eyes  are  well  developed  and  kidney -shaped;  their  proboscis  Is 
short;  the  wings  In  the  majority  of  species  have  spots;  they  are 
covered  with  hairs.  Their  wings  at  rest  are  folded  above  the  abdomen. 
Their  legs  are  well-shaped  and  elongated. 

In  certain  places  midges  are  mass  ectoparasites  and  greatly 
harass  people,  agricultural  and  game  animals.  Midges  are  annoying 
not  only  under  natural  conditions,  but  sometimes  even  In  dwellings. 

Landing  on  the  body,  female  midges  begin  to  move  about  rapidly 
and  look  for  a  suitable  place  to  bite. 
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During  blood-sucking  these  Insects  Inject  a  toxic  saliva  and 
after  biting  severe  Itching  appears  and  papules  form.  The  persistent 
harassment  by  the  midges  and  the  severe  Itching  sharply  (by  15-30)8) 
decreases  labor  productivity,  reduced  the  yield  milk  of  cattle  and 
causes  all  animals  to  lose  weight. 


Midges  have  been  established  as  Intermediate  hosts  Fllarla 
(Onchocerca  glbsonl,  0.  cervlcalls,  Acanthochellonema  pertans, 
Mansonella  ozzardl.  Onchocerca  cervlcalls),  which  they  transmit  by 
biting  man  and  animals. 

In  tularemia  focuses  In  western  Siberia  strains  of  this  Infection 
have  been  extracted  from  midges .  In  the  western  Ukraine  from 
Cullcoldes  pullcarls  midges  neurotropic  virus  has  been  extracted 
(A.  V.  Outsevlch  and  others). 


Under  experimental  conditions  there  was  ascertained  the  possibility 
of  transmitting  Haemosporldla  -  Hamoproteus  nettlonls,  H.  canachltes  - 
to  domestic  and  wild  ducks  by  biting  them. 

O 

Midges  of  the  genus  Cullcoldes  transmit  African  catarrhal  sheep 
fever  —  blue  tongue  disease,  African  horse  plague  and  Venezuellan 
horse  encephalitis  (Pallls). 

In  the  province  of  Fukien  (Chinese  Peoples  Republic)  from 
Laslohelea  talwana  midges  there  was  extracted  Japanese  encephalitis 
virus.  Also  the  curve  of  seasonal  dynamics  of  the  number  of  midges 
coincides  with  the  curve  of  disease  Incidence  (Chang  and  others). 

Ecologlc  characteristics  of  midges.  No  matter  how  broad..y  midges 
are  distributed,  there 'are  nevertheless  In  each  topographlco- 
geographlcal  zone  regions  with  an  abundance  of  these  Insects,  moreover 
there  Is  even  the  confinement  of  Individual  species  to  specific 
topographies . 
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Thus,  If  In  the  forest-tundra  zone  In  the  region  of  68°  north 
latitude  only  three  species  are  recorded,  then  In  the  Caucasus  there 
are  58,  In  the  central  belt  -  1^,  In  the  Ukraine  -  10,  In  Kazakhstan  - 
20,  In  Turkmenistan  -  7»  In  the  Par  East  -  29  species. 

The  most  widespread  are  the  midges  of  the  genus  Cullcoldes,  of 
which  18  species  are  numerous.  In  the  nixed  forest  and  taiga  zone  the 
species,  Cullcoldes  nubeculosus,  C.  stigma,  C.  arakawae,  C.  pullcarls, 
C.  fasclpennls,  C.  chlopterus,  dominate. 

In  the  steppe  zone  C.  rlethl  predominates;  also  numerous  art 
Cullcoldes  pullcarls,  C.  plctipennls;  C.  fasclpennls  dominates  In  the 
forest  -  tundra  In  Turkmenistan  -  C.  punctlcollls ,  C.  desertorum; 
in  the  Caucasus  -  C.  obsoletus,  C.  punctlcollls,  C.  saevus. 

Midges  breed  In  stagnant  water  (puddles,  hoof  prints,  ponds), 
in  humid  soil,  marshy  areas  around  springs,  mochezhlnas  [Translator's 
Note:  land  permanently  wet  from  outflow  of  underground  water],  rice 
fields  In  humid  shore  soils  of  low-land  and  foothill  reservoirs. 

Cases  of  the  mass  breeding  of  midges  on  the  bottom  of  stagnant  canals 
and  in  tree  hollows  are  known. 

In  our  country  the  breeding  and  distribution  of  the  basic  species 
of  midges  are  Intimately  connected  with  river  valleys.  Especially 
favorable  conditions  for  the  development  of  midges  exist  In  floodlands 
and  river  deltas  with  deep,  stagnant,  ground  water.  The  soils  moreover 
can  be  of  the  most  diverse  types  -  from  marsh-meadow  to  saline-sand 
(Fig.  21). 


Under-  the  conditions  of  the  forest  zone  midge  reproduction  also 
takes  place  In  humid  forest  floors.  Frequently  excessively  wet, 
rotting  wood  Is  a  very  conducive  place  for  the  breeding  of  midges. 

In  the  Central  Aslan  Republics  midges  develop  In  great  numbers 
In  troughs  for  the  watering  of  cattle. 
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Fig.  21.  Various  stages  of 
midge  development,  a)  female; 
b)  larva  of  one  of  the  species 
developing  In  water;  c)  pupa 
of  one  of  the  species  devel¬ 
oping  in  water;  d)  larva  of 
one  of  the  species  developing 
on  land;  e)  pupa  of  one  of 
the  species  developing  on 
land. 


Larvae  do  not  develop  in  very  shaded  reservoirs  and  in  reservoirs 
with  a  flow  faster  than  1.5  m/s. 

Midge  larvae  developing  in  water,  are  light,  thin  (up  to  2  cm  in 
length),  thread-like  creatures;  they  move  in  a  twisting  serpentine 
manner . 

Larvae  developing  on  land  are  short  and  worm-like  in  shape.  They 
feed  on  putrescent  matter.  In  shallow  marshy  areas  they  are  evenly 
distributed;  in  lakes,  rivers  and  streams  the  larvae  concentrate  in 
the. silt  in  shallow  places  of  small  isolated  sections  of  water. 

Normal  vital  activity  of  larvae  occurs  at  a  water  temperature  of 
13-38°.  During  its  period  of  development  the  larva  passes  through 
four  stages:  each  stage  of  development  ends  with  a  molt.  In 
Cullcoldes  pullcarls  midges  the  first  instar  larvae  are  transformed 
in  second  instar  larvae  after  5-8  days,  .'nto  third  instar  -  after 
'10  days,  into  fourth  instar  -  after  2  more  days. 

Hungry  first  instar  larvae  without  food  die  within  twenty-four 
hours ;  third  instar  larvae  survive  up  to  ^5  days . 
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The  cptlmum  ;;emperatu're  for  the  development  of  larvae  is  20-25°, 
the  maximum  35“40°,  and  the  lowest  temperature  —  10.6°.  At  a  tem¬ 
perature  of  5°  and  lower  the  larvae  stop  developing. 

In  a  period  when  reservoirs  dry  up  midge  larvae  go  as  deep  as 
possible  into  the  earth  (up  to  90  cm),  where  they  go  into  a  state  of 
dormancy,  which  can  last  3  years  (Fontaine  and  others).  Larvae  frozen 
in  ice  do  not  die. 

Under  favorable  conditions  larvae  after  17-23  days  actively 
migrate  from  the  water  into  the  damp,  shore  soil,  where  they  pupate 
in  the  roots  of  vegetation. 

A  pupa  does  not  feed.  An  adult  Insect  is  formed  within  3-18 
days,  then  it  hatches  and  flys  a  short  distance  away  from  its  place 
of  hatching.  They,  if  it  can  be  so  expressed,  are  pasture  insects  and 
permanently  concentrate  near  cattle  pastures.  Midges  are  almost 
never  found  at  distance  of  more  than  2-3  km  from  pastures. 

They  are  caught  in  the  greatest  number  in  the  steepe  zone  in  a 
500  m  radius  around  a  pasture,  and  in  the  forest  zone  -  at  a  distance 
of  half  that  (Kettle). 

After  hatching  the  females  for  the  first  few  days  suck  blood, 
and  2-7  days  after  this  they  begin  to  oviposit.  The  number  of  eggs 
laid  by  certain  species  exceeds  200.  The  eggs  are  dark-brown  in 
color,  oblong  and  rounded  at  the  ends.  At  a  temperature  of  22-23° 
the  larvae  hatch  from  them  within  3  days. 

The  whole  cycle  of  midge  development  (at  a  temperature  of  24-26°) 
lasts  on  the  average  about  30-60  days.  Within  the  Soviet  Union  midges 
can  produce  2-4  generations. 

The  spring  flight  begins  earliest  of  all  in  the  southern  regions  — 
at  the  and  of  April;  in  the  northern  regions  it  takes  place  a  month 
later.  The  activity  of  midges  even  in  Karelia  lasts  until  October, 
and  in  the  southern  regions  isolated  individuals  are  found  in  December. 
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Midges  are  especially  annoying  during  the  period  of  mass  attack. 
In  Karelia  this  is  observed  in  July;  in  the  central  section  of  the 
E\|ropean  part  of  the  Soviet  Union,  in  western  smd  eastern  Siberia  — 
at  the  end  of  July,  in  August;  in  the  Par  East  -  the  end  of  June,  in 
July,  and  sometimes  in  August;  in  the  Caucasus  •-  in  May,  July  and 
A^ust . 

Midges  attack  man  and  animals  in  open  terrain  during  the 
crepuscular  period  —  in  the  evening  and  morning.  In  overgrowth  they 
also  attack  during  the  day.  There  are  species  (C.  bidentatus),  which 
start  their  active  flight  during  the  lightest  time  of  the  day;  at 
twilight  and  during  the  night  they  are  in  concealment.  Insects  en 
tt'asse  fly  into  living  quarters  and  cattle  sheds,  where  they  freouently 
attack  people  and  animals . 

The  wind  is  not  an  obstacle  to  their  attack.  Even  at  a  wind 
speed  of  3  m/s  nidges  are  active.  Only  a  wind  of  more  than  3.5  m/s 
suppresses  thcj.r  activity  (Billingmayer) . 

Midges  fly  at  a  height  of  1.5-3  m  from  the  ground  and  from  there 
swiftly  attack  their  victim.  The  whole  process  of  blood-sucking 
lasts  3-4  minutes,  sometimes  up  to  40  minutes.  With  an  increase  in 
temperature  higher  than  29°  Insects  almost  do  not  attack.  The  optimum 
temperature  for  midge  activity  is  13-23°. 

Combatting  midges .  Measures  for  combatting  midges  are  still 
Insufficiently  developed.  A  number  of  authors  investigated  the 
possibility  of  applying  insecticides  both  against  the  mature  stages 
and  also  against  the  larvae. 

Benzene  polychlorides  have  been  used  for  combatting  midges.  Their 

2 

br^'jdlng  places  are  treated  with  an  emulsion  at  a  dose  of  12-30  m£/m  . 
Both  doses  killed  all  the  larvae  in  silt  (Yu.  E.  Selens). 

A,  V.  Qutsevlch  reports  that  treating  humid  soil  with  a  hexa- 

2 

chlorane  emulsion  at  a  dose  of  1  g  of  active  substance  per  1  m 
72J^  of  the  midge  larvae  and  pupfu^  died.  Insects  located  at  a  depth 
of  up  to  1  cm  died. 
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M.  V.  Voronin  and  Ye.  V.  Molev  under  laboratory  conditions 
ascertained  that  the  most  toxic  insecticides  are  carbolln,  Ichthyolln, 
Ichthyolin  with  the  gamma-isomer  of  hexachlorane;  at  a  ratio  of 
1:5000  they  cause  the  death  of  larvae  and  pupae  within  2^  hours,  and 
DDT  and  hexachlorane  at  the  same  ratio  within  48  hours.  The  residual 
effect  of  these  preparations  lasts  for  about  2  weeks.  Kerosene, 
solar  oil,  terpenlol  and  chlorten  were  less  toxic;  the  death  of  the 
preimaginal  stages  occurred  within  24-48  hours  from  the  preparations 
at  a  ratio  of  1:1000.  Studying  the  survival  of  midge  larvae  and 
pupae  with  the  effect  on  them  of  chorophos,  the  authors  noted  that 
their  complete  destruction  occurs  even  at  a  ratio  of  1:70,000.  At 
such  great  dilution  death  ensues  only  after  4  hours. 

Under  field  conditions  creolln,  ichthyolin,  carbolln,  DDT  in 
a  mixture  with  hexachlorane  and  solar  oil  were  tested. 

The  experiments  showed  that  the  death  of  all  larvae  occurs  within 
a  few  hours  as  a  result  of  the  application  of  ichythyolin  and  carbolln 
at  a  ratio  of  1:2000;  from  DDT  and  hexachlorane  at  a  ratio  of  1:6500 
all  larvae  died  within  48  hours.  From  solar  oil  only  insignificant 

2 

destruction  of  them  was  noted.  Treating  a  coastal  zone  with  60  mt/m 
of  20%  creolin  the  authors  noted  that  after  24  hours  the  number  of 
larvae  was  reduced  by  more  than  40  times. 

In  combatting  larvae  under  the  conditions  of  the  Khabarovsk  region 
good  results  were  obtained  as  a  result  of  the  application  0.3-0. 5 
kg/ha  of  DDT  and  hexachlorane  disinfecting  powders  with  surface  treat¬ 
ment  and  0. 3-2.5  kg/ha  using  aerial  treatment.  Just  as  effective 
were  the  suspension  and  emulsion  of  hexachlorane.  For  treating 

midge  breeding  places  these  were  successfully  applied  a  0.24$  suspension 

2 

and  a  0.4$  oil-turpentine  emulsion  at  a  dose  of  100  mS./m  of  ground. 

For  producing  a  perceptible  effect  —  lowering  of  the  number  of  adult 
Insects  —  it  is  recommended  that  the  treatment  be  conducted  2  times 
per  month  (Sh,  M.  Dzhafarov) . 


The  noticeable  reduction  In  the  number  of  adult  midges  (by  4.7 
times)  In  places,  where  in  spring  treatment  was  carried  out  on  the 
Yenisei  shore  zone  with  a  DDT  emulsion  from  an  aircraft,  was  reported 
on  by  0.  P.  Buyanova  (I960). 

Abroad  very  good  results  were  obtained  from  the  application  of 
1-5  kg/ha  of  DDT  and  hexachlorane .  For  treating  reservoirs  chlordane, 
malathlon  and  toxaphene  are  recommended  at  doses  of  1-3  kg/ha  with 
dleldrln  emulsion  at  a  dose  of  0.1-0. 4  kg/ha. 

The  residual  effect  of  DDT  preparations  on  larvae  is  very 

prolonged;  even  2  years  after  treatment  the  number  of  larvae  is  95-99/E 

lower  than  initial  number.  Against  midge  larvae  under  the  condition 

of  the  Nakhichevan  Autonomous  Soviet  Socialist  Republic  P.  A. 

Lavrent'yev  applied  chlorophos.  In  shallow  and  small  reservoirs 
2 

10  mg/m  of  chlorophos  crystals . 

Large  reservoirs  were  treated  with  a  0.5SE  solution;  the  shore 

p 

zone  of  a  reservoir  was  treated  with  100-250  mg/m  .  The  soil  around 

an  isolated  section  of  water  was  treated  with  crystalline  chlorophos 

2  2 

at  a  rate  of  23  mg/m  ,  31  mg/m  and  with  a  0.1%  solution.  The  death 
of  the  larvae  came  in  all  the  experiments  and,  as  a  rule,  in  first 
80  minutes;  the  pupae  died  within  24  hours  and  only  by  treating  with 
crystalline  preparations. 

2 

Aqueous  solutions  even  at  a  dose  cf  250  mg/m  did  not  have  any 
effect  on  pupae  and,  from  them  completely  viable  Insects  emerged. 

The  control  of  adult  midges  is  almost  not  covered  at  all  in 
literature.  This  is  an  indirect  indication  that  when  measures  were 
carried  out  to  combat  mosquitoes  or  ticks  there  was  also  observed  a 
sharp  reduction  in  the  number  of  midges.  Therefore  it  is  necessary 
to  consider  that  in  combatting  flying  Insects  the  dosages  applied 
against  mosquitoes  are  acceptable. 
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As  A.  M,  Mitrofanov  reports,  after  smoking  a  site  with  hexa- 

2 

chlorane  aerosols  at  a  dose  of  3  g  of  active  substance  per  1  m 
midges  disappear  within  l8  days. 

The  sensitivity  of  adult  midges  to  chlorophos  and  acetoxon  is 

reported  on  by  M.  L.  Pedder  and  At  N.  Alekseyev.  The  highest  percent 

of  insect  death  was  recorded  with  5  minutes  of  contact  with  a  glass 

surface  treated  a  2%  concentration  of  chlorophos  (100$  died)  and  1% 

acetoxon  (97.6$  died).  Coming  in  contact  with  a  wooden  surface  and 

leaves  of  shrub  vegetation  treated  with  2$  aqueous  solutions  of 

2 

chlorophos  (a  dose  of  2  g/m  )  the  authors  noted  that  the  effect  of 
chlorophos  was  worse  on  the  wooden  surface.  Even  after  an  hour's 
contact  the  percent  of  midge  death  barely  exceeded  36,  whereas  among 
midges  contacting  leaves  9^.6$  died. 

Abroad  for  preventing  the  infestation  of  midges  into  premises  all 
openings  permitting  the  passage  of  light  are  screened  up.  Considering, 
however  that  midges  crawl  through  even  very  fine  mesh  netting,  the 
latter  are  treated  with  insecticides  (with  a  7.7$  solution  of  malathlon; 
10$  DDT  oil  solution).  All  midges  flying  through  netting  treated 
with  malathlon  died  within  an  hour;  those  flying  through  netting 
treated  with  DDT  began  to  die  within  a  few  hours.  Screens  treated 
with  malathlon  possessed  a  lethal  effect  for  3  weeks. 

For  preventing  the  Infestation  of  midges  into  premises  it  is 
expedient  to  apply  repellents.  The  one-time  treatment  of  a  screen 
with  dlethyltoluamide  reliably  protects  a  dwelling  from  midges  for  a 
whole  season, 

A  good  protective  effect  is  provided  by  repellents  when  they 
are  applied  either  on  the  body  or  on  clothing.  According  to  a  number 
of  authors  with  application  on  the  skin  the  anti-bite  protection  lasts 
from  3  hours  (dlme\;hyl  phthalate)  up  to  6  (dlethyltoluamide).  The 
longest  lasting  protection  from  midge  attacks  is  observed  by  treating 
clothing  with  repellents. 
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Even  the  application  of  one  tulle  cloak,  which  extends  the  head 
over  the  .bare  back  to  the  waist,  reliably  protects  against  midges. 

In  the  summer  of  1962  In  the  Soviet  Union  the  testing  of  a  new 
method  of  applying  repellents  was  carried  out  -  in  the  form  of  aerosols 
(M.  L.  Fedder,  V.  M.  Tsetlln,  E.  Ya.^ Grlkltys) . 

The  protective  effect  of  DETA  In  form  of  aerosols  when  applied 
to  the  skin  on  the  average  lasts  In  the  central  belt  and  eastern 
Siberia  from  25  to  135  minutes;  when  applied  for  10-20  s  to  fabric  — 
from  80  minutes  up  to  5  hours .  If  the  duration  of  treatment  Is 
Increased  up  to  40-60  s,  then  the  protective  effect  can  last  up  to 
2-3  weeks. 

Considering  that  the  effect  period  Is  more  prolonged  the  treatment 
should  be  repeated  2-3  times. 

The  new  form  of  application  Is  convenient  not  only  because  of 
Its  uniqueness  and  simplicity,  but  also  because  there  falls  on  the 
body  of  man  and  his  clothing  an  extraordinarily  small  amount  of  an 
absolutely  harmless  preparation. 


CHAPTER  XXVI 

MOTHS  AND  THEIR  CONTROL 

The  moth  belongs  to  the  class  insecta,  order  Lepldoptera  and 
family  Tlneldae.  Most  frequently  by  this  name  there  Is  designated 
a  group  of  14  species  of  moths  Inhabiting  dwellings,  storehouses  for 
wool  and  fur  raw  material  or  ready-made  products  (Laiback,  Pence). 
Not  touching  on  all  the  various  species  of  moths,  we  will  give  a 
short  description  of  only  the  clothes,  fur  and  carpet  moths. 


Clothes  moth  (Tlneola  blselliella)  (Fig.  22)  -  the  size  of  this 
moth  with  extended  wings  Is  8.5-12  mm.  The  maxillary  palps  are 
underdeveloped;  the  eyes  are  straw-yellow  In  color;  the  head  is 
rust-red  in  color.  It  has  two  pairs  of  wings:  the  front  ones  without 
spots  are  ocher  colored;  the  rear  ones  are  yellowish-gray  with  a  gray 
fringe . 


Pig.  22.  The  clothes 
moth,  Tlneola  blselliella'. 
1  —  2  —  the  moth;  3  ~  the 
larva . 


The  female  begins  ovlposltlon  shortly  after  copulation.  The 
time  during  which  she  oviposits  (from  2  to  30  days),  and  the  number 
of  eggs  laid  (from  60  to  220  eggs),  depend  on  the  temperature  and 
nutrition.  The  dimensions  of  an  egg:  the  length  Is  0.4-0. 7  nun,  the 
width  is  0.28-0.38  mm;  the  color  is  light-yellow.  The  duration  of 
egg  development  also  depends  on  the  temperature:  at  20°  the  emergence 
of  the  caterpillar  from  the  egg  occurs  on  the  12th  day;  low  temper¬ 
atures  of  from  -1°  up  to  +7  cause  the  death  of  eggs  after  3-’6  weeks; 
a  temperature  higher  than  40°  acts  lethally  In  the  same  way. 

A  caterpillar  which  has  only  just  hatched  has  a  total  length  of 
1  mm,  therefore  It  Is  hard  to  discern  among  the  material,  in  which 
it  has  hatched.  After  emerging  from  the  egg  the  caterpillar  constructs 
a  cocoon.  In  which  It  lives  until  complete  development,  emerging 
through  openings  located  at  the  ends  of  the  cocoon  In  quest  of  food. 

The  caterpillar  constructs  a  cocoon  from  the  material,  on  which  It 
lives;  It  usually  has  the  same  color  as  the  material,  which  greatly 
hampers  Its  detection.  During  the  time  of  Its  development  the  cater¬ 
pillar  molts  up  tr  17  times  and  considerably  Increases  in  weight  and 
size:  by  the  9Tth  day  Its  weight  has  sometimes  Increased  by  385  times, 
and  Its  length  reaches  10-11  mm;  during  this  time  it  Is  easy  to  detect 
In  the  articles  and  materials. 


The  duration  of  the  period  of  development  of  the  caterpillar 
depends  on  temperature,  the  amount  and  quality  of  food;  at  20-25°  In 
the  case  of  feeding  on  the  hair  of  cattle  and  rabbits  It  develops 
within  3  1/2-4  months;  in  feeding  on  wool  fabric  its  development  is 
protracted  up  to  10  months.  With  Identical  nutrition,  but  unequal 
temperature  the  development  periods  of  moths  are  different.  Thus, 
at  15*^  development  lasts  about  200  days,  and  at  30°  -  73  days.  Mature 
caterpillars  possess  considerable  resistance  to  low  temperatures: 
at  4-7°  they  preserve  their  viability  up  to  4  months  and  In  the 
case  of  the  advent  of  favorable  conditions  they  complete  their 
development.  They  withstand  sharp  temperature  fluctuations  poorly: 
an  Increase  of  from  -5°  up  to  +10°  with  a  subsequent  drop  to  -5°  and 
a  second  increase  up  to  +4.5°  causes  the  death  of  caterpillars. 
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For  metamorphosis  Into  a  pupa  the  caterpillar  leaves  its  feeding 
place  and  constructs  a  new  (second)  cocoon,  the  form  of  which  facili¬ 
tates  the  emergence  of  the  moth.  This  cocoon  is  also  difficult  to 
detect.  Inasmuch  as  it  consists  of  the  material  on  which  it  is 
located.  The  pupa  stage  lasts  days;  upon  the  expiration  of 

this  pei’iod  the  moth  emerges  from  the  cocoon.  The  duration  of  the 
life  of  a  flying  moth  is  approximately  30  days.  The  clothes  moth 
during  the  day  is  found  in  dark,  concealed  places  in  furniture, 
clothing  and  in  the  folds  of  carpets.  They  emerge  from  their  hiding 
places  in  the  evening  with  the  presence  of  artificial  illumination 
for  oviposltlon;  with  the  presence  in  premises  of  large  numbers  of 
moths  they  even  fly  during  the  day. 
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Moths  damage  fur  articles,  wool  clothing,  felt  footwear  and 
fabric  hanging  freely,  folded  and  in  rolls;  they  penetrate  under 
fabric  upholstering  of  furniture  and  into  interwail  spaces,  if  there 
is  felt  there,  where  the  moths  eat  the  hair.  Moths  also  destroy 
bristles,  articles  made  from  bristles  and  the  upholstering  material 
of  furniture.  In  the  presence  of  large  numbers  moths  and  in  the 
absence  of  wool  materials  they  can  eat  stored  casein  and  vegetable 
fabric  materials. 

The  fur  moth  (Tinea  pellionella) .  The  size  of  the  moth  with 
extended  wings  is  11-17  mm.  The  head  is  yellow,  the  antennal  and 
maxillary  polpsare  dark;  the  eyes  are  broader  than  the  distance 
between  them.  The  wings  vary  in  shade  -  from  light-yellow  to  dark- 
brown;  the  front  pair  of  wings  is  yellowish-gray,  with  three  black 
spots;  the  rear  wings  are  light-gray  with  the  same  width  as  the  front 
ones;  their  border  is  yellowish. 

The  development  of  the  fur  moth  in  many  respects  is  similar  to 
the  development  of  the  clothes  moth,  with  the  exception  of  that  its 
caterpillar  has  a  black  head;  they  live  in  a  cocoon  spun  by  them, 
which  they  drag  everywhere  during  their  development,  and,  finally, 
in  damaging  fur  they  in  contrast  to  clothes  moths  do  not  leave  their 
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wooven  home.  The  fur  moth  devours  wool  materials,  fur,  feathers, 
carpets,  and  also  Intestines,  tfovine  bladders  and  so  forth.  They 
are  most  frequently  encountered  in  commercial  enterprises. 


The  carpet  moth  (Trlchophaga  tapetzella).  The  size  of  the  moth 
is  14-24  mm.  The  head  and  the  base  of  the  front  wings  are  dark  brown 
in  color;  the  remaining  part  (2/3)  of  the  front  wings  are  yellowish- 
white  in  color;  their  central  part  has  a  grayish  tint;  the  rear  wings 
have  one  color,  a  bluish-gray  color.  The  length  of  the  caterpillar 
of  the  carpet  moth  is  13-15  mm;  Just  .like  the  clothes  moth  caterpillar, 
they  damage  wool  fabrics  gnawing  through  them;  from  this  same 
material  they  make  their  cocoons  or  cases.  The  carpet  moth  damages 
coarse  fabrics,  the  trimmings  of  furniture,  tanned  skins  and  furs. 

Measures  for  combatting  moths.  The  preserve  of  moths  in  premises 
is  determined  both  by  the  number  of  flying  motni.,  and  also  by  the 
daitiage  to  articles.  The  measures  for  destroying  moths  are  carried 
out  in  two  directions:  by  combatting  flying  (mature)  moths  and  com¬ 
batting  the  prelmaglnal  stages  of  their  development. 

Plying  moths  are  not  difficult  to  kill.  Many  insecticides  are 
suitable  for  destroying  them.  Almost  all  the  preparations  utilized 
in  combatting  flies  can  also  be  used  in  the  same  amounts  for  combatting 
with  flying  moths  (see  "The  application  of  individual  preparations"). 

Moths  damage  articles  not  when  they  are  being  worn,  but  during 
storage,  therefore  it  is  necessary  to  pay  attention  to  the  methods 
of  storing  articles:  wooden  chests  and  cabinets,  where  articles  arc 
stored,  should  not  have  any  cracks  and  the  t’oors  should  be  tightly 
closed. 


Before  packing  articles  for  storage  it  is  absolutely  necessary 
to  first  thoroughly  and  carefully  clean  out  the  chests  (chests  of 
drawers,  wardrobes,  clothes  closets  and  so  forth).  Also  desirable 
for  the  summer  storage  of  winter  outer  wool  and  fur  clothing,  felt 
boots,  etc.,  is  to  sew  them  in  sacs  made  from  some  material  including 
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from  paper;  a  linen  sack  is  covered  over  with  thick,  glossy  paper  or 
with  wrapping  paper;  it  is  also  recommended  that  there  be  as  few  angles 
as  possible.  The  coverings  or  wrapping  paper  should  be  treated  with 
an  insecticide  on  the  inside  or  outside.  For  storing  articles 
industry  is  turning  out  special  sacks  made  of  polyethylene.  In 
articles  stored  in  sacks  not  treated  with  insecticides  there  are 
applied  in  several  peaces,  for  example,  in  the  sleeves  and  pockets 
of  the  clothing  repellent  preparations:  napthalene,  paradi chlorbenzene, 
camphor,  camphor-napthalene ,  ball,  makhorda,  eucalyptus  and  laurel 
leaves,  lavender  roots  and  others. 


Repellent  preparations  are  also  used  by  s'lspendlng  them  in  socks 
near  the  object  or  on  it.  Thus,  for  example,  for  a  fur  overcoat  it 
is  sufficient  to  hang  6-8  gauze  packets  with  one  teaspoon  (6-8  g) 
of  napthalene  in  each  packet. 
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The  basic  measures  of  control  should  be  directed  against  moth 
larvae,  which  damage  keratin-containing  articles  (wool,  fur,  feathers, 
etc.);  keratin  is  a  nutrient  for  moth  larvae.  Therefore  it  is  first 
necessary  to  create  conditions  hampering  the  development  of  the 
caterpillars.  For  this  it  is  necessary  from  time  to  time  to  subject 
stored  articles  to  shaking  out,  cleaning  and  drying;  this  is  especially 
recommended  during  February  and  March  -  in  the  months  of  moth 
ovlpositlon  (Ya.  L.  Okunevskly),  The  beating  of  upholstered  furniture 
Infested  with  moths  does  not  give  positive  results,  because  the  larvae 
are  usually  located  under  the  upholstering.  In  the  cleaning  of 
articles  having  eggs  in  them  they  are  removed,  because  they  are  not 
attached  to  the  fabric. 


After  cleaning  the  clothing  it  is  necessary  to  hang  it  in  the 
sun,  because  moth  larvae  are  sensitive  to  sunlight.  The  eggs  of 
clothes  moths  under  the  Influence  of  the  direct  rays  of  the  sun  with 
heating  up  to  53°  die  within  11  minutes,  and  at  ^3°  ~  within  31  minutes. 
Such  a  method  of  destroying  moths  can  be  used,  however,  only  in  the 
south  and  in  Central  Asia,  where  the  air  temperature  frequently 
attains  these  temperatures. 
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The  application  of  dry  heat  is  effective.  The  larvae  of  fur 
moths  die  in  articles  at  5^-55°  within  2^  hours. 

it  is  also  possible  to  recommend  heating  articles  (if  they  are 
not  damaged)  for  30-60  minutes  at  77-80°.  For  felt  the  heating  time 
is  increased  up  to  2-k  hours;  this  ensures  the  destruction  of  moths 
in  all  stages  of  development.  Goods  results  were  obtained  by  steam 
treatment  and  by  boiling  articles,  which  can  withstand  this  method  of 
treatment  (blankets,  outer-and  underclothing  and  so  forth).  Fabrics, 
which  cannot  be  subjected  to  the  effect  of  steam  and  boiling,  can  be 
treated  formalin  vapor  chambers .  Furniture  can  be  treated  in  hot-air 
chambers  at  a  temperature  of  71-77°  (if  it  is  not  damaged). 

In  combatting  moths  temperatures  lower  than  zero  (-3°)  can  be 
utilized,  but  this  method  is  unreliable,  because  the  larvae  are 
resistant  to  the  Indicated  temperatures.  Transitions  from  heat  to 
cold  lead  to  the  destruction  of  moths.  Thus,  if  articles  Infested 
with  moths  are  cooled  for  several  days  at  a  temperature  of  -5°,  then 
for  a  short  time  the  temperature  is  raised  up  to  +10°,  then  again 
lowered  to  -5°  and  finally  kept  at  a  constant  temperature  of  approxi¬ 
mately  +4°,  then  all  the  moths  die.  Thus  IL  is  recommended  that 
articles  to  be  stored  be  subjected  to  the  effect  of  2-3  temperatures, 
before  they  are  placed  in  permanent  storage  at  a  temperature  of  from 
-4  to  -5°;  lower  temperature  are  not  needed.  Cold  hinders  the  feeding 
of  larvae.  If  Infested  furniture  is  carried  out  onto  the  street  at 
-17  for  5-6  hours,  this  provides  good  results. 

The  exposure  while  treating  materials  at  negative  temperatures 
depends  on  the  quality  of  the  affected  material  and  on  the  phase  of 
development,  of  the  insects.  Thus,  for  example,  when  treating  thick 
felt  (with  a  thickness  of  5-20  mm)  the  exposure  should  be  increased 
by  2-3  times  as  compared  to  treating  broadcloth  or  velvet.  The 
treatment  of  Infested  upholstered  furniture  of  the  heavy  type  is 
still  longer  and  can  be  as  long  as  3-5  days  (A.  K.  Zagulyayev) . 

However,  the  main  place  in  combatting  moths  is  occupied  by 
chemical  preparations  (Table  41).  Insecticides  are  used  for  the 
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purpose  of  combatting  flying  moths,  for  destroying  the  prelmaglnal 
stages  of  their  development,  and  also  for  prophylaxis  of  damage  to 
fabrics,  upholstered  Inventory  and  others. 


Table  4l.  Rate  of  expenditure  of  preparations  In  combatting 
moths .  _ ______ 


Preparation 


Chlorophoa 


Unit  of  meas- 
uromoHt  woric 


Average  Method  of  applying  and  ooreeniratlon 

expenditure  woricing  solutiona 


1  of  floor 


2 


Treating  (selective)  walla,  oaillnga, 
upholster^  furniture,  blinds,  oarpeta 
with  a  2-3^  aqueous  aolutlon 


10^  I]Z)T  diainfeoting 
powder 


1  m2  "  "  " 


25f£  DDT  emulsion 


1  m^  "  "  " 


Dlsinseotal 


1  m2  ”  "  " 


10  Dusting  walls,  upholstered  fumitur^ 

blinds,  carpets  and  thslr  storage 
sites 

6  Treating  walls,  ceilings,  upholstered 

furniture,  blinds,  carpet^  felt  and 
other  stuffing  with  a  1-2^  aqueous 
emulsion 

50  Without  dilution 


DCT  solution  in 
2-3S< 


1  m^  of  treated 
surface 


120 


Without  dilution  introduced  under 
furniture  upholsterir^ 


1  m 


3 


40 


Atomization  into  the  air 


1  m2  of  floor 


50 


Treatment  Just  like  with  ohlorophos 


DOT  aerosols  (pots,  1 

cylinders  and  so 
forth) 

129(  HCCa  dlslnfec-  1  of  floor 

ting  poikisi- 


0.25  Teohnloal 
HCCH 


One-time  destruction  of  flying  moths 
inside  premises 


10 


Just  as  disinfecting  powder  DDT,  but  in 
uninhabited  locations 


13;^  HCCH  emulsion 


1  m^  "  "  •' 


HCCH  aerosols  (pots, 
cylinders  and  so 
forth) 

Pyrethrun 


1  m2  "  '•  " 

1  m*  "  "  " 


Fleaolda 


1  m’' 


]  m‘ 


1  ffl 


10 


0,25  Teohnloalj 
HCCH 


5 

10 

12 


Jtist  like  with  DDT  emulsion  but  not  in 
living  quarters 

One-time  destruction  of  flying  moths 
inside  uninhabited  premises 

Just  as  with  XOf>  DDT  disinfecting 
powder 

Atomization  into  the  air 
Just  like  with  pyrethi*um 
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For  destroying  moth  larvae  In  upholstered  furniture  insecticidal 
solutions  are  used*  In  particular  2-3%  DDT  solutions,  which  are 
Introduced  under  the  upholstering  In  the  necessary  place  with  the 
help  of  a  large  syringe  and  an  appropriate  needle. 

For  destroying  flying  moths  various  Insecticides  are  used  to 
treat  the  places  where  they  land  in  order  to  prevent  ovlposltion  or, 
if  they  have  already  oviposited,  to  attempt  to  kill  them  or  the 
larvae  hatching  from  these  eggs.  For  this  there  are  used  disinfecting 
powders  or  solutions,  or  emulsions  of  one  of  the  following  insecti- 
sides:  DDT  and  its  analogs  (methoxychlor  and  perthane),  dieldrln, 
chlordane,  sodium  arsenlte,  hexachlorane,  the  gamma-isomer  of 
hexachlorane  (lindane),  chlorophos  and  otiiers.  DDVP  preparations  are 
highly  effective. 

Clothes  moths  are  extraordinarily  sensitive  to  DDT  aerosols;  a 
dose  of  0.17  mg/£  of  air  causes  their  complete  destruction  within 
24  hours  even  with  an  hour’s  contact  vrlth  treated  surfaces.  Somewhat 
less  toxic  with  respect  to  clothes  moth  larvae  are  the  aerosols. 

In  treating  articles  with  DDT  aerosols  at  a  rate  of  0.88  mg/l 
of  air  with  3  hours  of  exposure  7555  of  the  larvae  die  within  1.3  and 
5  days.  Clothes  moth  larvae  are  considerably  more  sensitive  to 
hexachlorane  aerosols  than  to  DDT  aerosols.  Thus,  for  example,  with 
the  use  of  0.2  mg  of  hexachlorane  per  1  H  of  air  with  24  hours  of 
contact  of  the  larvae  with  treated  surfaces  100$  of  the  larvae  die 
within  24  hours  (V.  I.  Vashkov,  L.  N.  Pogodina,  T.  Yu.  Dollnskaya). 

Positive  results  are  obtained  using  traps  in  which  pieces  of 
fabric  treated  with  fish  flour  or  an  alcohol  extract  of  fish  flour 
are  placed  in  the  traps;  adult  individuals  (females)  fly  into  these 
traps  and  oviposit. 

For  prophylaxis  of  damage  to  wool  materials,  carpets,  furniture 
having  hair  or  wool  stuffing,  and  also  for  prophylaxis  of  moth 
infestation  of  various  insulating  material  a  large  number  of  insecti¬ 
cides  can  be  used. 


The  DDT  acts  as  a  contact  and  intestinal  poison:  28-day  larvae 
(with  a  length  of  from  2  to  ^  mm)  placed  on  wool  treated  with  DDT  at  a 
0.2%  concentration  die  for  the  most  part  within  4  days.  Larvae  which 
are  ready  to  pupate  are  more  resistant  to  DDT,  but  they  also  die 
when  attempting  to  eat  wool  treated  with  this  preparation. 

For  the  purpose  of  preventing  of  the  possibility  of  moth  (females) 
penetration  it  is  best  to  place  valuable  articles  in  covering  or  sacks 
of  broadcloth  or  cotton  fabrics  treated  with  DDT  preparations  at  the 
same  rate  as  when  normally  treating  fabrics  (soaking  in  0.5-1?  emulsions 
or  treatment  with  disinfecting  powder).  It  is  possible  to  wrap 
articles  carefully  in  newsprint  sewing  the  edges  or  pinning  them  with 
pins.  Moreover,  it  is  necessary  to  dust  the  articles  with  DDT 
preparation . 

The  dusting  of  wool  articles  and  outer  clothing  with  powder 
containing  10?  DDT  is  carried  out  at  a  rate  of  125  g  per  set  or  12  g/m*^ 
(carpets,  upholstered  furniture,  curtains  and  others).  In  treating 
expensive,  dark  cloths  one  should  not  pour  the  DDT  directly  on  the 
fabric,  because  the  preparation,  upon  decomposing,  gives  off  chlorine 
and  causes  weak  discoloration  of  the  fabric  in  those  places,  where 
the  DDT  falls.  The  preparation  should  be  atomized  in  such  a  manner 
that  it  covers  the  material  with  a  uniform,  thin  layer. 

When  impregnating  wool  fabrics  it  is  best  to  use  5?  DDT  solutions 
or  emulsions.  The  impregnating  of  wool  fabric  and  felt  is  carried 
out  at  such  a  rate  that  they  contain  1?  of  the  preparation  per  weight 
of  the  dry  fabric.  The  preparation  protects  fabrics,  which  are  in 
use,  for  over  6  months.  In  storage  the  effectiveness  of  the  protection 
of  such  tissues  is  preserved  for  up  to  5  years.  Washing  and  dry 
cleaning  reduce  their  insecticidal  properties  by  approximately  60?, 
therefore  the  articles  after  washing  should  be  treated  again. 

Certain  authors  recommend  for  the  purpose  of  prophylaxis  of 
damage  to  fabrics  by  moths  or  hide  beetles,  that  the  fabrics  be 
treated  with  DDT  at  a  rate  of  0.05-0.25?  per  weight  of  the  material. 

With  the  use  of  5?  DDT  solutions  in  kerosene  or  disinfecting  powder 
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at  a  rate  of  0.15$  per  weight  of  the  fabric  there  are  observed 
satisfactory  moth-protective  properties.  Carpets  treated  with  a  DDT 
preparation  at  a  rate  of  0.5$  per  weight  were  protected  from  moths 
for  l8  months.  Prophylactic  treatment  (spraying,  dusting)  should 
be  limited  to  the  edges  of  a  carpet,  l.e.,  those  places  which  are 
not  subjected  to  external  effects  (walking  and  so  forth),  and  where 
furniture  or  other  objects  stand,  and  also  places  close  to  radiators. 

In  order  to  provide  uniform  distribution  of  the  insecticide  during 
treatment  of  the  materials  the  atomizer  should  not  be  held  close  to 
the  objects  being  treated. 

As  moth-protective  agents  there  can  also  be  used  1$  solutions  of 
methoxychlor  at  a  rate  of  0.2-0. 5$  per  weight  of  the  fabric.  This 
preparation  protects  fabric  from  moth  damage  for  a  year.  It  also 
possesses  ovlcidal  properties. 

Perthane  protects  against  moths  when  applied  to  material  at  a 
rate  of  0.3$  per  weight  of  the  fabric.  A  mixture  of  perthane  with 
DDT  is  more  effective  than  either  preparation  separately. 

Hexachlorane  Is  an  effective  insecticide,  but  It  should  be  applied 
only  In  extreme  cases,  inasmuch  as  it  fumigates  and  its  vapors 
possess  an  unpleasant  odor.  The  rates  of  expenditure  for  hexachlorane 
are  the  same  as  when  using  DDT. 

Sacks  and  cases  Intended  for  the  storage  of  articles  are  subjected 
to  Individual  treatment  with  liquid  hexachlorane  preparations  on 
the  inside  and  on  the  outside.  For  this  propose  hexachlorane  pencils 
can  be  used,  which  are  used  to  mark  strips  with  intervals  of  3-^  cm. 

Articles  treated  hexachlorane  should  before  use  be  thoroughly 
shaken  out  or  cleaned  and  aired  in  the  open  air. 

Gamma-isomer  (lindane)  is  unsuitable  when  storing  fabrics  outside 
chests  and  tightly  closed  boxes  because  of  its  volatility.  For 
impregnating  fabrics  0.25$  solutions  of  gamma-isomer  can  be  used. 


V 

Crystals  of  the  preparation  at  a  rate  of  50  g/m~'  protect  wool  articles 
(in  chests  or  boxes)  from  Insects  for  3  years  and  more,  whereas 
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napthalene  crystals  (460  g/m*^)  protect  for  one  year.  To  avoid 
contaminating  the  clothing  with  crystals  of  gamma-isomer  a  special 
method  is  proposed,  consisting  in  fastening  the  crystals  with  a 
sticky  substance  to  strips  of  paper  and  in  this  manner  the  insecticide 
is  Introduced  into  containers  storing  articles  ("lindane  boards"). 

When  using  gamma-isomer  in  storehouses  it  is  fastened  to  panels, 
which  are  placed  between  bales  of  wool  fabric;  at  a  concentration  of 
320-720  g/m  the  preparation  also  protects  articles  from  damage 
Attagenus  piceus  olive,  Anthrenus  flavipes  L.  (Landani)  beetles. 

Laboratory  experiments  demonstrated  when  gamma-isomer  is  used 
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in  considerably  smaller  quantities  —  100  and  200  g/m  —  it  is  also 
effective  (Landani  and  others). 

For  protecting  fabricci  there  is  also  used  0.5-0.05/?  dieldrln 
(this  preparation  resists  washing  and  dry  cleaning)  or  2!?  chlordane 
in  solution;  both  preparations  are  effective  in  combatting  moths  and 
also  hide  beetles.  Chlordane  should  be  used  at  a  rate  of  2%  per 
weight  of  fabric;  before  putting  on  clothing  treated  with  chlordane, 
it  is  necessary  to  subject  it  to  thorough  cleaning. 

Moth-protective  properties  can  be  given  to  tissues  by  Impregnating 
or  spraying  them  with  a  0.5-1/?  solution  of  sodium  arsenite. 

Napthalene-napthalene  balls  at  a  rate  of  230  g  per  0.l4  m'^  are 
toxic  with  respect  to  moth  larvae,  when  they  are  in  a  hermetically 
sealed  box  for  3-4  weeks;  napthalene  flakes  are  effective  when  they 
are  scattered  over  clothing;  it  is  even  better  to  strew  them  between 
newspapers.  From  the  effect  of  naphthalene  40/?  of  the  hide  beetle 
larvae  die  within  15  days.  At  a  dosage  of  l80  g/m*^  in  a  hermetically 
sealed  box  at  a  temperature  of  18-22°  complete  destruction  of  adult 
moth  individuals  is  observed  within  5  days,  and  their  eggs  die  within 
4  days.  At  a  dose  of  160  g/m  moths  in  all  stages  of  development 
die.  Napthalene  is  more  toxic  to  moths  than  paradichlorbenzene ;  the 
odor  of  the  latter  is  not  preserved  in  fabrics  for  as  long  time,  as 
the  odor  of  napthalene. 
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Paradlchlorbenzene  Is  effective  against  moths  at  all  stages  of 

2 

their  development.  To  produce  a  reliable  effect  2-3  g/m  are  required. 

It  is  applied  mainly  to  destroy  clothes  and  carpet  moths.  Paradi-  ( 

chlorbenzene  at  a  temperature  of  23-29°  (with  an  exposure  of  24-36 

hours).  Solutions  of  paradlchlorbenzene  also  find  application  in 

gasoline,  kerosene,  carbon  tetrachloride  and  other  solvents.  With 
3 

30  cm  of  carbon  tetrachloride  there  are  taken  10  g  of  paradi- 

3 

chlorbenzene  and  there  are  added  15  cm  of  purified  turpentine.  This 
composition  is  used  to  treat  articles  and  they  are  then  stored  in 
tightly  closed  boxes  or  chests,  because  the  preparation  evaporates 
rapidly.  It  is  necessary  to  consider  that  carbon  tetrachloride  is 
toxic  to  people. 

Hexachloethane  is  .lust  as  volatile  as  paradlchlorbenzene;  it  is 
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applied  on  articles  at  a  rate  of  100  g/m  ;  it  evaporates  after  a 
certain  time.  The  time  of  evaporation  depends  on  the  temperature 
of  the  premises  therefore  the  articles  after  treatment  should  be 
stored  in  good  packing  (paper  sacks)  or  in  tightly  closed  chests  and 
boxes . 

r 

J 

Carbolic  acid,  turpentine  and  kerosene  are  applied  in  the  form 
of  mixtures  of  the  following  composition:  2  parts  of  turpentine  as 
mixed  with  one  part  of  kerosene  and  1%  pure  carbolic  acid  is  added. 

This  mixture  evaporates  rapidly;  its  odor  also  disappears  in  a  short 
time.  No  traces  are  left  on  fabrics  (if  pure  preparations  are  used). 
According  to  Ya.  B.  Levinson  moths,  their  eggs,  larvae  and  pupae 
die  rapidly  under  the  effect  of  this  mixture;  he  recommends  applying 
it  in  combination  with  cleaning  articles. 

Vegetable  insecticides.  Pyrethrum  powder  is  used  to  dust  surfaces 
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of  fabrics  at  a  rate  of  4-5  g/m  .  Fleacide  is  an  excellent  agent; 

2 

it  is  used  to  impregante  fabric  at  a  rate  of  10  ml/m  . 

For  destroying  moth  larvae  camphor  is  also  recommended.  Cam.phor 
possesses  insignificant  insecticidal  properties;  it  repels  moths  and 
earlier  found  application  in  combatting  these  insects. 


f  > 
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Tobacco  dust  and  pepper  possess  repellent  properties,  therefore 
in  the  absence  of  other  agents  it  is  possible  to  dust  articles 
with  them;  as  a  result  of  such  a  treatment  moths  do  not  oviposit. 


Nicotine-base  and  nicotine  sulfate  preparations  are  used  either 
in  the  form  of  0.15-0.2$  aqueous  solutions  (based  on  pure  nicotine) 
or  in  the  form  of  disinfecting  powders.  Also  applied  are  0.3-0.555 
aqueous  solutions  of  anabaslne  sulfate  for  spraying  and  impregnating 
wool,  felt,  felt  raw  material  and  articles  made  from  them. 


Benzimidazole  is  recommended  by  M.  Kortslof  for  protecting  wool, 
felt  and  other  keratin-containing  materials  from  clothes  moths. 
Articles  are  Impregnated  with  0.5$  benzimidazole  in  a  water-acid 
solution  at  a  pH  of  2.0  in  an  amount  of  1-5$  of  the  weight  of  the 
treated  material. 

In  combatting  moths  also  effective  are  solutions  containing 

organic  thiocyanates  (lethane,  thamite). 

r 

Reliable  results  are  given  by  treating  articles  in  chambers  with 
gaseous  preparations .  For  this  purpose  chloroplcrin,  prussic  acid, 
dlcloroethane,  paradichlorbenzene,  carbon  tetrachloride,  T-gas,  carbon 
disulfide,  ethylene  oxide,  methyl  bromide,  sulfurous  anhydride  and 
others  are  used.  Chloroplcrin,  according  to  A.  D.  Petrov,  possesses 
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good  insecticidal  properties;  with  a  content  of  15  g/m  and  at  a 
temperature  of  10°  moths  die  within  1  1/2  hours;  in  the  presence  of 

3 

9  g/m  —  within  2  1/2  hours,  and  at  a  concentration  of  1.5  g  -  within 
72  hours'. 

Prussic  acid  is  used  in  treating  storage  premises;  the  exposure 
lasts  12-15  hours,  after  which  it  is  necessary  to  air  out  the  premises 
for  6-12  hours.  A  lethal  dose  for  moth  larvae  is  considered  to  be 

3 

50-70  g/m  with  an  exposure  of  3  hours. 


Chloroplcrin  is  used  in  fumigating  storage  premises  at  a  dose  of 
15-^0  g/m  ;  the  exposure  is  2-3  days  and  more. 
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Dlchloroethane  is  used  at  a  rate  of  300  g/m  for  fumigating 

empty  warehouses  and  6OO-8OO  g  for  fumigating  warehouses  loaded  with 

furs,  furniture  and  other  things.  The  exposure  is  5-8  days  with  a 

subsequent  airing  out  of  2-5  days.  Dichloroethane  is  also  used  in  a 

mixture  with  chloropicrin  in  fumigating  empty  warehouses  at  a  rate 

of  80-90  g/m  (7^-83  g  of  dichloroethane  and  6-7  g  of  chloropicrin). 

In  fumigating  premises  loaded  with  furniture  the  concentration  of  the 
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gas  is  increased  to  250-300  g/m  (230-270  g  of  dichloroethane,  20-30  g 
of  chloropicrin) . 

Methy  bromide  is  used  for  fumigating  by  the  chamber  or  tent 
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method  at  a  rate  of  expenditure  of  6O-IOO  g/m  . 

Fluosllicate  salts  (giving  fabrics  moth-protective  properties) 
are  effective  agents  for  the  prophylaxis  of  moth  propagation.  Among 
such  compounds  belong  the  sodium  aluminate  of  fluosillcic  acid; 
sodium  fluosllicate;  a  mixture  of  magnesium  fluosllicate  with  etha- 
nolamlne  fluosllicate;  lithium  fluosllicate;  ammonium  and  zinc 
fluosillcates .  Fabrics  Impregnated  with  these  preparations  are 
preserved;  they  do  not  yield  to  moth  damage  for  several  years;  however 
it  is  more  reliable  to  repeat  impregnation  annually.  In  treating 
with  the  enumerated  compounds  fabric  is  Immersed  in  a  solution  or 
thoroughly  sprayed,  especially  the  edges  and  seams.  Washing  in  water 
can  bring  about  the  removal  of  these  substances  from  the  fabric, 
therefore  when  necessary  after  washing  the  fabric  should  be  retreated. 
When  the  fabric  is  dry  cleaned  only  an  Insignificant  amount  of  the 
preparation  is  removed. 

When  using  a  DDT  preparation  for  treating  fabric  a  larger  concen¬ 
tration  is  required  than  when  Impregnating  with  fluosllicate.  In 
treating  materials  this  latter  compound  is  used  at  a  rate  of  0.5-1!^ 
per  weight  of  the  given  material.  Fluosllicate  does  not  lose  its 
protective  properties  under  the  Influence  of  light;  when  washed  in 
water  it  is  more  resistant  than  fluorine  salt;  washing  with  soap  and 
water  does  not  destroy  the  moth-protective  properties,  it  only  lowers 
them. 


In  preparing  a  sodium  fluoslllcate  solution  the  latter  should 
be  very  pure  and  should  have  an  extremely  fine  grind,  which  ensures 
its  rapid  solution.  The  foreign  preparations  -  arsklet,  arsklen  or 
gardlnol  (a  sodium  salt  of  a  sulfur  ether  of  a  higher  aliphatic 
alcohol)  -  are  used  In  the  following  way:  0.5  kg  of  dry  substance 
are  mixed  with  1.5  kg  of  sodium  fluoslllcate,  then  28  g  of  this  mixture 
are'  dissolved  In  4.5  of  boiling  water  and  stirred  for  several 
minutes .  It  Is  recommended  that  sodium  fluoslllcate  be  dissolved  in 
boiling  at  a  rate  of  2.46  g  per  100  mi  of  water  and  approximately 
1  g  per  100  mi  of  water  at  normal  temperature. 

Abroad  the  preparation  larvex  (sodium  alumlnate  of  fluosillcic 
acid)  is  also  recommended;  Its  composition:  sodium  fluoslllcate  0.6  g, 
potash  alum  0.3  g,  oxalic  acid  0.03  g  and  water  99.0?  g.  Larvex  is 
applied  In  concentrated  solutions  with  a  0.5!i5  content  of  fluoslllcate 
or  more;  the  addition  of  dissolved  aluminum  salts  Increases  Its 
solubility:  also  used  are  dilute  solutions  with  a  fluoslllcate  content 
lower  than  0.1$. 

The  concentrated  solutions  are  used  either  for  spraying,  or  for 
treating  articles  by  submerging  them  in  It  for  not  more  than  1-2 
minutes.  The  solution  is  sprayed  mechanically  or  by  a  continuous 
action  handsprayer  (for  example  sprayers  adapted  to  vacuum  cleaners). 

It  Is  also  possible  to  rub  materials  with  a  moistened  sponge:  the 
latter  method  Is  used  in  the  antlraoth  treatment  of  seams,  folds  and 
pockets.  Also  the  following  of  norms  are  adhered  to:  for  treating 
a  man's  suit  (consisting  of  3  pieces)  —  0.75-1  A;  an  upholstered 
couch  -  2-2.5  i;  an  upholstered  chair  -  1  i;  a  carpet  or  shaggy 
blanket  (with  dimensions  of  2*2.5  m)  with  a  front  and  back  side  - 
6-7  i. 


The  objects  are  sprayed  or  treated  on  the  street,  because  this 
process  Is  connected  with  the  thorough  cleaning  of  articles,  the 
beating  out  of  dust  and  the  removal  of  spots.  Silk  and  viscose 
linings,  and  also  fur  linings  and  finishings  should  be  covered  with 
a  cloth.  They  cannot  be  sprayed  with  liquid,  because  the  lining  can 
shrink  and  harden,  and  fur  can  become  dull.  Furniture  Is  treated 
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either  with  a  vacuum  cleaner  or  the  dust  Is  beaten  from  It  and  spots 
are  removed.  Articles  having  cotton  inside  are  covered  with  a 
heavy  fabric  or  paper.  The  wooden  parts  are  covered  with  paper  or 
oil.  On  a  set  of  3  objects  approximately  ^.5-5  ^  are  used. 

In  the  process  of  treating  hair  (a  component  part  of  furniture) 

It  should  be  thoroughly  moistened;  spraying  is  repeated  within  a  year. 
Furniture  having  Angora  wool  cannot  be  treated  by  the  wet  method, 
because  this  can  lead  to  a  change  in  the  direction  of  the  hair,  which 
in  turn  leads  to  the  formation  of  shady  places  reminiscent  of  spots. 

The  best  results  were  attained  by  using  a  continuously  acting  sprayer 
providing  a  uniform  continuous  stream  of  fine  drops . 

Carpets  with  a  Jute  and  glue  backing  can  only  be  treated  on 
the  front  side.  To  prevent  spraying  of  the  floor  and  furniture 
newspapers  are  spread  around  the  carpet.  It  is  necessary  to  allow  one 
part  of  the  carpet  (front)  dry  before  proceeding  to  treat  the  second 
part  (back).  Only  carpets,  which  have  stable  dyes  can  be  treated 
with  moth-protective  agents . 

Silk,  sateen  broadcloth  and  other  cotton  cloths  cannot  be  treated 
with  an  aqueous  solution  of  a  moth-protective  preparation:  run  streaks 
appear  on  such  materials:  furthermore,  under  normal  conditions  moth 
larvae  do  not  damage  these. 

After  drying  the  treated  object  It  is  treated  with  a  vacuum  cleaner 
to  remove  small  fluoslllcate  crystals,  which  remain  on  the  surface. 

Such  objects  as  woolen  covers,  bathing  suits  and  other  small 
wool  objects  should  be  soaked  in  one  of  the  solutions  of  larvex, 
containing:  1)  2%  magnesium  fluoslllcate,  1^  wetting  agent  and  ’)!% 
water;  2)  0.708?  magnesium  fluoslllcate,  0.568?  ethanolamlne 
fluoslllcate  and  98.724?  water. 

The  use  of  magnesium  fluoslllcate  sometimes  leads  to  the  hardening 
of  fabric  and  to  the  deposition  on  dark  fabric  of  a  noticeable  layer 
of  powder . 


730 


Fluorine  compounds  or  fluoride  compounds  are  used  in  their 
dissolved  state.  For  this  there  is  prepared  a  saturated  solution  of 
sodium  fluoride  by  boiling  1  A  of  water  for  5  minutes;  the  water 
contains  g  (an  excess)  of  sodium  fluoride;  this  latter  dissolves 
In  boiling  water  within  the  limit'  of  k%.  Such  a  solution  has  a 
satisfactory  moth-protective  action. 

Also  recommended  Is  a  mixture  of  sodium  fluoride  with  Glauber's 
salt:  sodium  fluoride  1%,  Qla\;ber's  salt  0.6^.  The  basic  deficiency 
of  sodium  fluoride  Is  that  It  is  readily  washed  from  fabric. 

Other  compounds  Imparting  moth-protective  properties  to  fabric. 

Data  exists  about  the  f-. >.t  that  Q.5%  solutions  trlethylpyridine, 
pyridine-sulfonic  acid.  ; Icollnlc  acid  and  sulfanilamide  In  treating 
fabrics  at  factories  1;.  art  to  them  moth-protective  properties.  The 
materials  are  treat(jd  W;,-f-h  these  substances  In  bath  at  a  temperature 
of  20°.  They  do  no*;  disturb  the  strength  of  the  fabrics,  but  they 
cannot  be  used  for  ^I'eati 'g  ready-made  articles. 

"Martlus  yellow”  (2: Jl-dlnltro-alpha-naphthol)  was  one  of  the 
first  compounds  used  for  antimoth  treatment  of  fabrics;  It  is  now  used 
for  treating  wool  at  a  rate  of  0.03iJ  per  weight  of  fabric;  the 
material  Is  moistened  at  30°. 

Dlnltro-o-cresol  utilized  at  a  rate  of  0.025%,  replaced  "Martius 
yellow"  to  a  certain  degree,  but  this  preparation  is  unstable  with 
washing. 

Preparations  "eulan-Cj^"  and  "eulan-Cj^-extra"  belong  to  preparations 
of  the  sulfone  group  and  derivatives  of  trlphenylmethane .  When  used 
to  treat  wool  the  latter  becomes  toxic  and  Inedible  for  moths;  the 
trlphenylmethane  compounds  change  keratin  so  that  It  Is  not  broken  down 
by  the  enzymes  of  the  larvae  and  cannot  serve  as  nutrient.  "Eulan-C^j" 

Is  used  at  a  concentration  of  1.5%  just  like  dye  Is  used  In  dyeing 
bath;  the  calculation  Is  carried  out  by  weight  of  the  material  taker, 
for  treatment.  Essentially  these  preparations  are  dyes;  they  are 
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so'' able  in  water  and  are  permanently  combined  with  the  wool.  They 
can  be  used  to  treat  wool  in  aqueous  solutions  at  any  stage  of 
production  or  such  treatment  can  be  combined  with  dyeing. 

After  the  introduction  of  the  insecticide  simultaneously  with 
the  dye  the  preparation  is  held  fast  by  the  tissue  even  after  repeated 
dry  cleaning.  The  latter  is  explained  by  the  fact  that  dyeing  of 
fabric  is  carried  out  by  heating  it  and  at  the  time  of  treatment  the 
insecticide  penetrates  inside  the  fiber,  where  it  is  fixed  upon 
cooling,  especially  when  the  fiber  thickens,  it  secures  both  the  dye 
and  also  the  insecticide, 

"Eulan"  preparations  are  resistant  to  the  effect  of  sunlight 
and  preserve  their  effectiveness  during  the  normal  w. .  ^ing  period  of 
the  material. 

For  imparting  moth-protective  properties  to  materials  a  number 
of  other  preparations  are  also  used,  in  particular  "mitin  -  F,  F" 
[sodium  salt  N-(3,^-oichlorophenyl)-N-2-(2-sulpho-^-chlorcphenoxy )- 
-•5-chlorophenylurea] . 

This  white  odorless-  powder  contains  42. 5i?  active  substance. 

Its  solubility  in  water  la  low;  at  room  temperature  it  is  0,05%,  at 
71^  solubility  increapr  to  0.4ii,  ana  at  95°  -  to  5  5%  > 

The  presence  of  the  sulf-group  makes  it  possible  for  mitin  to 
combine  chemically  with  the  schleroprotelns  of  wool  fabrics  like 
other  dyes.  From  solution  the  preparation  is  completely  adsorbed  by 
the  fabric,  and  therefore  the  dosages  are  expressed  in  percent  content 
of  mitin  to  fabric.  Thus,  for  example,  for  treating  40  kg  of  wool 
it  is  necessary  to  take  800  g  of  mitin;  after  drying  it  will  contain 
2%  mitin.  Mitin  is  first  dissolved  in  a  small  amount  of  hot  or 
boiling  water,  which  is  then  poured  into  the  general  tank  for  dyeing, 
where  the  dissolved  dye  is  located  (if  fabric  is  simultaneously  dyed 
with  this). 


752 


This  preparation  has  a  close  relationship  to  "eulan-C^j"  and  is 
also  used  in  dyeing  baths.  The  moth-protective  properties  of  fabrics 
impregnated  with  a  3%  solution  of  ”mitin”  are  not  lost  under  the 
effect  of  light,  water  or  in  an  acid  medium.  The  preparation 
behaves  like  a  f  ^t  dye.  Those  fabrics  which  are  seldom  washed 
preserve  their  D'oth-protective  properties  for  the  whole  period  of 
their  use. 

To  this  group  of  preparations  there  belongs  "lanoc”  (sodium 
dlhydroxypentachloro-trlphenylmethanesi,  f f onate ) . 

Bokon-1 ,6-dlamlno-2-2“dlliuorohexane  —  is  a  water-soluble 
moth-proofing  substance,  which,  being  mixed  with  a  solvent,  will  form 
an  emulsion.  This  preparation  changes  the  chemical  structure  of 
wool . 

Mistox  -  an  insecto-fungi-bactericide  —  is  a  pentachlorophenol 
compound  (laurylpentachlorophenol) ;  it  is  used  at  a  rate  of  0.51  per 
weight  of  fabric.  At  enterprises  for  treating  fabrics  it  is  diluted 
in  a  dyeing  bath.  Because  of  its  toxicity  and  instability  with 
washing  this  preparation  has  found  only  limited  application. 

A  preparation  known  as  "amino"  is  also  finding  application; 
tnls  is  triethano^. amine  hydrcfluosiiicic  acid. 


CHAPTER  XXVII 


SAND  PLIES  AND  THETR  CONTROL 
The  Pathogenic  Significance  of  Sand  Files 

At  the  present  time  In  world  literature  there  have  been  described 
more  than  300  species  of  sand  flies:  127  species  of  3^  varieties 
have  been  counted  In  the  Old  World  and  more  than  150  in  America. 

In  the  USSR  sand  flies  are  encountered  In  the  sourthern  regions: 
In  Moldavia,  In  the  south  of  the  Ukraine,  Including  the  Crimea,  In 
the  Caucasus,  In  Central  Asia  and  Kazakhstan.  They  occupy  first 
place  in  breadth  of  distribution  and  number  In  the  hot  deserts  of 
Central  Asia,  where  they  are  permanent  inhabitants  of  burrows  and 
primary  external  parasites  of  man. 

In  the  USSR  at  the  present  time  there  have  b'»en  recorded  25 
species  belonging  to  two  genera:  Phlebotomus  and  Sergentomyia. 

The  greatest  number  of  species  (19)  was  recorded  In  Turkmenistan, 
the  least  (three  species  each)  was  detected  in  Moldavia  and  in  the 
south  of  ohe  Uki*alne.  The  most  widespread  species  are  Ph.  papatasll, 
Ph.  chlnensis,  which  are  recorded  everywhere.  The  richest  fauna 
of  sand  flies  are  found  In  the  mountain  regions;  In  a  relatively 
small  territory  here  it  Is  possible  to  detect  more  than  15  snecles, 
whereas  In  the  huge  expanses  of  the  plain  with  a  monotyplc  topography  - 
only  5~6  species. 


A  peculiarity  of  sand  flies  is  that  they  attack  in  the  evening 
hours  of  the  dav;  hungry  individuals  before  imbibing  blood  for  a 
prolonged  period  of  time  look  for  a  convenient  place  for  blood¬ 
sucking.  Here  they  pierce  the  skin  (from  3  to  20  times)  and 
Introduce,  although  insignificant,  a  dose  of  a  secretion  from  the 
salivary  glands.  For  an  unaccustomed  person  and  especially  for 
sensitive  people  sand  fly  bites  are  very  acutely  painful;  they 
cause  unbearable  Itching,  deprive  a  person  of  normal  sleep,  appetite, 
and  efficiency  drops  sharply.  Frequently  the  itchy  parts  of  t|^e 
body  are  scratched  and  are  covered  for  a  long  time  with  nonhealing 
papules . 

Sand  flies  are  carriers  of  pathogenic  agents  of  dermal 
lelshmonlasls ,  visceral  lelshmonlasls,  pappatacl  fever.  According 
to  materials  of  foreign  researchers  sand  flies  transmit  Bartonella 
bacilllformls  -  pathogenic  agents  of  Oroya  fever,  Peruvian  fever, 
Carrion's  disease  in  Peru,  Bolivia,  Chile,  Ecuador.  The  disease 
caused  by  this  pathogenic  agent  can  take  a  serious  course  and 
frequently  ends  in  death.  In  literature  there  are  indications  of 
the  possible  participation  of  sand  flies  in  transmitting  the 
pathogenic  agents  of  yellow  fever  and  dengue  fever  (according  to 
P.  A.  Petrlshcheva) . 

The  pathogenic  agent  of  pappat.acl  fever  —  a  flltrable  virus, 
is  preserved  in  the  organism  of  the  female  sand  fly  during  the 
course  of  her  whole  life  and  is  transmitted  transovarlanly  to  the 
offspring.  Deserving  of  special  attention  is  the  report  by  N.  I. 
Khodukln,  V.  A.  Lysunklna  and  A.  I.  Kubeyeva  about  the  fact  that 
the  virus  of  pappatacl  fever  can  possibly  Infect  rabbits  and  dogs 
frequently  encountered  at  populated  points.  Of  wild  animals  it 
is  assumed  on  the  basis  of  indirect  evidence  that  in  the  circulation 
of  the  virus  there  participate  the  birds:  turtle-doves,  coracliforms , 
the  green  and  golden  bee-eaters,  the  bacterial  owl,  reptiles 
populating  roaent  burrows. 

This  disease  to  an  equal  degree  can  appear  both  in  populated 
points  and  also  far  frcm  them. 
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The  reservoir  of  visceral  leishmaniasis  Is  considered  to  be 
the  dog.  Many  researchers  have  found  the  pathogenic  agent  of  this 
disease  In  the  skin  and  In  the  Internal  organs  of  this  animal. 

In  individual  cases  among  apparently  healthy  dogs  up  to  ^0^  and 
more  were  affected  with  visceral  leishmaniasis. 

In  literature  there  are  Indications  of  the  fact  that  among  a 
group  of  wild  animals  (gerblls,  foxes,  mongooses,  porcupines) 
there  have  been  recorded  Individuals  the  Internal  organs  of  which 
were  affected  with  Lslshmanlae. 

A  carrier  of  the  pathogenic  agent  can  be  sand  flies  having 
frequent  contact  with  man  and  dogs.  At  foci  of  the  disease  there 
are  frequently  found  Ph.  chinensls,  Ph.  kandelakll ,  Ph.  tobli 
sand  flies.  Ph.  caucaslcus  are  comparatively  susceptible  to  the 
pathogenic  agent  and  under  the  conditions  of  Central  Asia  they  are 
considered  the  usual  carriers  of  visceral  leishmaniasis. 

Dermal  leishmaniasis  has  very  broad  distribution:  the  foci 
of  this  disease  almost  coincide  with  the  distribution  of  the 
carrier. 


Within  the  USSR  this  disease  Is  recorded  in  the  Central  Aslan 
republics  and  In  the  Caucasus.  The  largest  number  of  people  ill 
with  this  disease  is  constantly  noted  in  Turkmenia. 

Aci ordlng  to  the  clinical  course  and  epidemiological  peculiarities 
there  are  distinguished  anthroponotic  dermal  leishmaniasis,  or 
type  I,  with  prolonged  Incubation,  a  prolonged  chromic  course 
and  dry  sores  and  zoonotic  dermal  leishmaniasis,  or  type  II,  with 
short  Incubation,  rapidly  necrotizing,  with  weeping  sores. 

Type  I  dermal  leishmaniasis  Is  recorded  only  In  cities,  where 
It  has  focal  distribution.  As  the  experiments  of  Ye.  M.  Bolova, 
showed,  there  are  susceptible  to  type  I  pathogenic  agent,  besides 
man,  the  short-tailed  bondlcoot  rat  and  the  red-tailed  Libyan  Jlrd, 
which  frequently  Inhabit  cities. 
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It  has  been  established  that  Ph.  papatosll,  Ph.  sergentl 
are  carriers  of  the  pathogenic  agent.  Repeatedly  people  ill  with 
this  disease  have  also  been  recorded  in  places  where  other  species 
congregate. 

Type  II  dermal  leishmaniasis  is  recorded  in  the  USSR  only  in 
the  republics  of  Central  Asia,  The  reservoir  of  the  pathogenic 
agent  this  disease  and  the  source  of  this  disease  are  wild  animals  - 
great,  midday  and  red-tailed  gerbils,  the  Transcaspian  hedgehog 
and  the  long-clawed  ground  squirrel.  With  experimental  infection 
the  highly  susceptible  ones  were  the  short-tailed  bandicoot  rats, 
Chinese  striped  hamsters,  house  mice. 

Dogs  are  infected  with  type  II  dermal  leishmaniasis  and 
the  disease  lasts  about  4  months. 

The  classical  reservoir  is  considered  gerbils,  among  which 
the  percent  of  Infected  animals  sometimes  reaches  100  (M,  P. 
Vavilova).  Such  a  high  percent  of  Infected  animals  occurs  in 
ancient  colonies  and,  as  a  rule,  l|^  to  2  months  after  the  first 
flight  of  the  sand  flies,  i.e.,  in  July-August.  In  winter  and  in 
the  spring  months  Infected  gerbils  are  recorded  at  7-15!t. 

The  duration  of  the  course  of  dermal  leishmaniasis  in  gerbils 
is  ^-10  months.  At  certain  areas  the  foci  of  dermal  leishmaniasis 
have  almost  solid  distribution.  A.  B.  Karapet ’yan  and  T.  N. 
Remyannlkova,  investigating  the  Instar  peculiarities  of  colonies 
in  the  epidemiology  of  dermal  leishmaniasis  report  that  the  percent 
of  Infected  sand  flies  is  highest  in  ancient  colonies  (i<5.5); 
in  old  colonies  the  percent  of  Infected  sand  flies  was  15.6,  and 
in  young  ones  5.8.  A  man  passing  through  a  zone  of  a  natural  foous 
is  subjected  to  the  attacks  of  infected  sand  flies  and  becomes 
ill.  Newly  arriving  contingents  (migrants,  builders)  especially 
suffer  from  dermal  leishmaniasis  (M.  0.  Galpov,  1956;  A.  I.  Dyatlov, 
1961,  and  others). 
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The  Morphologlco-Ecologlcal  Characteristics 

Sand  Files 


Sand  files  -  small,  two-winged  insects  with  a  length  of  1.3-1. 5 
mm,  light-yellow,  sometimes  gray  or  brownish  in  color.  The  whole 
body  of  the  Insect  Is  thickly  covered  with  hairs.  On  the  head  are 
prominent,  large,  blacky  compound  eyes.  Above  the  eyes  are  l6-segment 
antennae.  The  proboscis  short  and,  piercing.  The  males  have  no 
upper  Jaws. 

The  thorax  is  thick  and  has  three  segments.  On  the  thorax 
are  three  pairs  of  very  long  legs  (up  to  mm)  and  one  pair  of 
wings.  The  latter  are  relatively  wide,  pointed,  thickly  covered 
with  hairs  along  the  edges  and  characteristically  raised  unwards 
(Pig.  23). 


Pig.  23-  Overall  view  of  a 
female  sand  fly. 


The  abdomen  consists  of  10  segments;  two  of  the  latter  are 
highly  modified  and  are  the  external  genitalia.  The  latter  are 
especially  Important  for  determining  the  specific  affiliation  of 
the  sand  fly.  For  determining  the  species  (females)  there  are  also 
taken  Into  account  the  structure  of  the  pharynx  and  the  oral  cavity. 

The  egg  has  an  oval  shape.  Several  hours  after  emerging  from 
the  oviduct  the  egg  begins  to  darken  and  becomes  a  dark-brown  color. 
The  surface  of  the  egg  has  a  unique,  lattice  design.  The  size  of 
the  egg  varies  from  0.35  to  O.38  mm  In  length  and  0.09-0.13  mm 
In  width. 

The  larva  has  a  light  color  and  has  13  well-defined  segments. 
The  head  is  distinguished  by  its  dark  color  and  is  round  and  highly 
chltlnized.  The  oral  apparatus  is  of  the  gnawing  type.  The 
larva  has  two  stages  of  development  —  the  first  stage  has  one  pair 
of  stigmas,  the  second  -  two.  Beginning  with  the  second  stage  at 
the  end  of  the  larva  body  there  appear  four  long,  tall  filaments, 
two  each  on  each  of  two  protuberances.  The  larva  molts  ^  times; 
after  the  fourth  mold  It  begins  to  pupate  (Pig.  2^). 


Fig.  2^.  The  pupa  of  a  sand  fly. 


The  pupa  has  a  light  color,  a  shiny  surface,  and  a  clavate 
shape.  Its  length  Is  up  to  3  mm.  The  mature  pupa  moves  enerplcally 
which  aids  In  bursting  the  pupae  case  between  the  head  and  the 
abdomei..  After  this  rupturing  the  mature  Insect  emerges. 


The  whole  life  of  sand  flies  In  nature  is  only  connected  with 
burrows.  Here  the  sand  flies  have  all  the  conditions  for  normal 
vital  activity:  the  optimum  temperature  conditions,  an  accessible 
food  supply  (vertebrate  animals)  and  a  suitable  substrate  for  the 
development  of  the  prelmaginal  stages.  A  typical  shelter  is  the 
burrow  of  rodents  —  great  gerblls  —  the  main  inhabitants  of  the 
desert.  A  gerbll  burrow  is  a  complicated  labyrinth  of  passages 
located  mainly  at  a  depth  of  about  1  m.  On  the  surface  of  the 
ground  it  opens  with  a  great  number  of  outlets,  frequently  the 
number  of  them  reaches  70-120.  In  hilly  sand  plains  and  on  hills 
their  colonies  extend  for  hundreds  of  meters. 

The  underground  galleries  of  the  burrows  are  usually  disposed 
in  three  floors.  The  first  two  floors  are  dug  to  a  depth  of  about 
1  m  and  make  up  about  90%  of  all  the  passages.  The  third  floor 
of  passages  goes  to  a  depth  of  up  to  2  m  and  more.  Depending  upon 
the  moisture  level  and  the  soil  structure  in  a  colony  there  are 
allocated  chambers  with  food  supplies,  sleeping  areas  for  the  rodents, 
and  defecatorld.  The  amount  of  vegetable  food  in  the  "storehouses” 
varies  from  several  hundred  grams  to  tens  of  kilograms.  Tn  accordance 
with  the  volume  of  their  reserve  supplies  the  gerblls  also  expand 
the  "storage-premises."  We  chanced  in  excavating  the  burrows  of 
great  gerblls  to  uncover  feed  chambers,  in  which  one  man  could 
easily  set  or  lie  down.  In  these  chambers,  as  well  as  in  the  nesting 
chambers,  there  are  frequently  old  and  half-rotten  vegetable  remains, 
in  which  sand  fly  larvae  develop  very  well.  The  temperature  conditions 
in  the  burrows  favor  the  development  of  sand  fly  larvae:  In  the 
summer  period  the  temperature  remains  almost  constant,  within  the 
limits  of  2^1-26®.  Relatively  stable  temperatures  are  also  observed 
in  autumn.  In  spring  the  temperature  curve  starts  to  rapidly  rise 
upwards.  This  promotes  the  early  development  of  the  Insects, 
which  at  a  low  ambient  temperature  do  not  leave  the  burrows  and 
continue  theli  vital  activity  in  it,  feeding  on  blood  and  ovipositing 
(Ya.  P.  Vlasov,  T.  1.  Dergacheva,  E.  B.  Kerbabayev  and  others). 

band  flies  can  suck  the  blood  of  all  vertebrate  animals 
inhabiting  burrows  (rodents,  reptiles,  birds).  After  each  satiation 


the  females  look  for  a  place  to  oviposit.  Sand  flies  can  oviposit 
up  to  60  eggs.  The  duration  of  egg  development  depends  on  the 
temperature.  At  2^-30®  their  development  fluctuates  from  4  to  13 
days.  Coming  out  Into  the  light  the  larvae  feed  on  decomposing 
organic  substances.  In  the  process  of  development  they  molt  4  times; 
the  whole  cycle  of  development  from  the  egg  stage  to  the  Imago  is 
completed  within  27-58  days.  According  to  the  materials  of  A.  B. 

Karapet 'yan,  under  the  conditions  of  Turkenla  the  majority  of 
females  complete  this  cycle  within  33-^5  days.  Sand  flies  winter 
mainly  in  the  fourth  Instar  larval  stage.  The  larvae  withstand 
dryness  poorly;  excessive  moisture  affects  them  to  a  lesser  degree. 
Staying  in  water  for  3  days  slightly  Inhibits  their  development. 

Emerging  from  the  pupa  the  young  Insect  impelled  by  its  instinctual 
attributes  in  the  warm  season  attempts  to  leave  the  burrow.  The 
exodus  from  the  burrow  starts  30-45  minutes  before  sunset;  the 
maximum  number  of  emerging  sand  flies  is  reached  within  40-70 
minutes,  then  it  drops  sharply  and  all  during  the  night  right  up 
to  dawn  only  single  individuals  emerge  from  the  burrow.  A  wind 
soeed  of  2-3  m/s  does  not  affect  the  activity  of  the  sand  flies, 
their  flight  is  stopped  only  by  a  wind  force  of  about  7  m/s.  The 
sand  flies  emerging  from  the  burrow  move  over  the  surface  In  short 
(up  to  10  m)  hops. 

The  more  broken  the  terrain,  the  shorter  the  distance  flown  by 
the  sand  flies  during  the  night.  Sand  flies  fly  at  a  height  of  up 
to  2  m;  their  main  mass  flies  at  a  height  of  30-40  cm.  During 
the  night  the  sand  flies  can  cover  a  distance  of  up  to  1.5-2  km. 

As  a  rule,  In  Inhabited  localities  there  is  a  large  amount  of 
concealment,  which  frequently  contain  many  sites  for  ovlposltlon. 

These  can  be  leave  accumulations,  various  waste  materials,  heaps 
of  stones  among  which  are  diverse  organic  remains;  cracks  in  house 
walls  and  fences  located  l.i  the  shade;  cellars;  contaminated  barns, 
vegetable  warehouses;  moderately  humid  places  under  the  flooring  in 
animal  premises;  chicken  coops,  rabbit  warrens,  pigeon  coops,  bird 
nests,  etc. 
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Man  and  his  domei^tlc  animals  are  themselves  always  an  accessible 
and  unlimited  food  supply.  Thus,  there  is  no  necessity  for  the  ^ 

sand  flies  to  fly  very  far  and  in  time  they  become  synanthropic  ^ 

Insects  -  the  constant  Inhabitants  of  an  inhabited  locality. 

Under  the  conditions  of  an  Inhabited  point  the  following  adapt 
and  propagate  fastest  of  all:  Ph.  papatasil,  Ph.  chlnensis,  Ph. 
major,  Ph.  smirnovl,  Ph.  perfjllevi,  S.  arpaklensis  and  several 
other  species. 

In  villages  they  form  foci  of  mass  Infestation  (breeding  sites), 
whence  they  slowly  spread  all  over  the  inhabited  point.  In  a  large 
city  the  main  mass  of  sand  flies  (up  to  99%) >  as  a  rule,  remains 
near  the  site  of  its  permanent  host;  within  a  radius  of  10-15  m, 
they  fly  very  short  distances  (up  to  25  m),  at  most  up  to  100-135  m 
(A.  V.  Dolmatova,  P.  A.  Petrlshcheva) . 

Because  of  this  sand  flies  very  frequently  come  in  contact 
with  the  surfaces  of  walls  and  fences.  Getting  into  the  habitations 
of  man  sand  flies  are  usually  located  on  the  upper  part  of  walls  T' 

close  to  the  corners  formed  by  the  walls  and  celling  along  cornices. 

The  most  active  flight  of  sand  flies  into  premises  occurs  in  the 
first  hours  after  sunset  and  before  sunrise  (to  23-2M  and  about 
5  o'clock). 

Sand  Hies  under  conditions  of  inhabited  points,  as  a  rule, 
take  up  habitation  in  all  the  burrows  encountered  here. 

The  beginning  of  the  flight  season  of  sand  flies  depends  on 
the  air  temperature.  Sand  flies  first  of  all  appear  in  living 
quarters,  and  then  outside  the  habitations.  In  Central  Asia  this 
is  observed  at  the  end  of  April,  and  in  the  Ukraine  —  at  the  end 
of  May  -  the  beginning  of  June. 

The  mass  flight  of  sand  flies  in  the  republics  of  Central 
Asia  usually  takes  place  in  June,  July,  August,  and  In  the  Crimea  - 
in  July-August.  If  In  the  southern  regions  of  Turkmenia  sand  flies 
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have  2-3  generations  per  season »  then  In  the  northern  regions  and 
in  the  other  republics,  as  a  rule,  there  Is  only  one  generation. 

The  duration  of  life  of  female  sand  flies  Is  about  a  month. 

Frequently  once  formed  at  an  Inhabited  point  a  disease  focus 
continues  its  existence  for  a  very  long  time. 

Basic  Directions  and  Agents  for 
Combatting  Sand  Plies 

At  populated  points  It  Is  possible  to  carry  out  oroohylactlc 
measures,  as  well  as  measures  directed  towards  eliminating  sand  fly 
breeding  sites. 

Among  the  prophylactic  measures  there  are  the  following. 

Measures  for  maintaining  cleanliness  -  the  regular  cleaning 
of  premises  and  areas  of  rubbish  and  manure  (includlni?  excrements 
of  the  silkworm  moth  and  the  remains  of  uneaten  leaves);  cuttlnv 
under  the  roots  of  weeds;  keeping  gardens,  flower  gardens  and 
kitchen  gardens  clean;  eliminating  the  accumulation  of  unnecessary 
objects,  especially  near  walls.  Measures  of  sanitary  maintenance  - 
regular,  not  less  than  2  times  a  year,  repair  to  the  crumbllnir 
bases  of  walls,  thorough  fll’lng  in  all  cracks;  destroying  all 
ruins,  filling  in  of  abandoned  ditches  and  channels  and  Inoperative 
wells . 

Systematic  development  of  an  area,  the  creation  of  a  new 
cultivated  landscape  -  the  carrying  out  of  successful  proohvlaxls 
of  diseases  transmitted  by  sand  flies.  To  this  division  of  labor 
it  Is  necessary  to  relate  the  control  of  stray  dogs  and  the  regular 
observation  of  the  health  of  othea  with  respect  to  leishmaniasis. 

For  treating  of  sand  fly  breeding  sites  In  order  to  combat 
their  larvae  A.  G.  Grobov  recommended  the  use  of  naphthalene, 
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anu  Jinsburg  -  thiophos  {i.?b  kg/ua).  According  to  the  author, 
thlophos  Is  more  toxic  to  sand  fly  pupae  than  DDT.  For  combatting 
the  preLnaglnal  stages  of  sand  flies  paradlchlorobenzene  is  also 
acceptable.  This  preparation  is  placed  in  cracks  and  crevices  at 
a  rate  of  75  g/m  . 

The  toxicity  of  paradlchlorobenzene  is  so  great  that  a  single 
treatment  is  completely  sufficient  for  a  whole  season. 

For  disinfecting  sites  suspected  of  breeding  sand  files  It  is 
possible  to  use  a  20X  solution  of  chlorinated  lime  at  a  rate  of 
5  i/m^. 

N.  V.  Bespalova  studied  the  effect  of  aoueous  susDensir^ns 
of  DDT  and  hexachlorane  on  these  ^relmaginal  stages  of  sand  flies. 
Coming  into  contact  with  surfaces  treated  with  the  preparations 
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at  a  dose  of  0.5-1  g  of  active  substance  per  n  for  a  period  of 
from  5  minutes  to  days  it  was  not  possible  to  obtain  complete 
destruction  of  the  sand  flies.  The  most  sensitive  were  the  first 
Instar  larvae:  about  95%  of  them  died  in  the  first  3-5  hours; 
lees  sensitive  were  the  pupas  -  on  the  8th  day  about  9?!?  died. 
Treating  assumed  breeding  places  with  these  preparations  at  the 
indicated  doses,  the  author  obtained  a  reduction  in  the  number  of 
sand  flies  by  23. ^-60. 9  times.  Treatment  was  carried  out  ?  times 
per  season  -  accumulations  of  rubbish  were  completely  drenched,  and 
rodent  burrow  were  dusted  -  the  front  section  of  burrows  and  the 
soil  around  them  were  dusted  in  a  radius  of  50-60  cm. 

B.  N.  Nllolayev  and  F.  T.  Korovin  under  laboratory  conditions 
tested  the  effect  of  DDT  aerosols  on  Ph.  papatasll  sand  fly  larvae. 
All  larvae  of  the  second  and  third  instar  died  from  a  dose  of  0.75 
g/m  within  the  first  ^8  hours  after  contacting  the  treated  surface. 
Good  larvlcldal  effects  were  given  by  chlorine-derivatives  of 
benzene  -  paradlchlorobenzene  benzene  (PDB)  and  polychloride  PCh). 
Both  preparatlona  upon  heating  evaporate,  but  since  their  vapors  are 
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considerably  heavier  than  air,  then  they  are  spread  along  the  surface 
and  Into  the  depth  of  the  substrate. 


At  assumed  sand  fly  breeding  sites  depressions  of  up  to  10 

cm  are  made  placing  them  30  cm  from  each  other.  In  each  hole  there 

are  placed  7-15  g  of  PDB  or  FCh.  The  expenditure  of  larviclde  is 

2 

on  the  average  75-150  g/m  of  each  preparation  respectively. 

Measures  Applied  Against  Mature  Sand  Files 


In  the  complex  of  measures  directed  towards  protecting  people 
from  sand  fly  attacks  there  are  included  mechanical  and  chemical 
methods . 

Bed  covers  of  fine-mesh  tulle  or  well  starched  gauze  provide 
excellent  protection  for  people  from  the  attacks  of  blood-sucking 
Insects . 


Before  going  to  sleep  the  ends  of  the  cover  are  tucked  well 
under  the  mattress  and  the  sleeper  is  reliably  protected  not  only 
from  the  penetration  under  the  cover  of  blood-sucking  Insects  and 
ticks,  but  also  from  poisonous  animals  crawling  In  bed  -  scorpions, 
spiders,  snakes.  For  screening  windows  and  doors  fine-mesh  screens 
(0.75*0.75  mm)  arc  used:  per  cm  such  a  screen  should  not  have  less 
than  36  cells.  The  frames  with  the  screens  should  fit  tightly  Into 
the  window  and  door  openings. 

Cellar  air  vents  are  also  covered  with  flne-mesh  screens 
during  the  whole  summer  period. 


For  catching  sand  flies  flying  Into  premises  the  rackets  of 
academician  Ye.  N.  Pavlovskiy*  and  sticky  paper  are  used. 


For  catching  sand  flies  on  sticky  paper  the  latter  is  hung 
in  premises  at  sites  frequented  by  Insects  -  In  the  upoer  corners 
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ol  a  room,  behind  cabinets,  and  also  In  animal  quarters. 


For  the  Individual  protection  of  people  from  sand  fly  attacks  (  s 

repellents  are  also  applicable.  The  duration  of  the  protective 
effect  of  repellents  depends  both  on  the  repellent  properties  of 
the  preparation  and  also  on  the  form  and  methods  of  Its  application. 

Of  all  the  proven  preparations  -  dimethyl  phthalate  (DMP), 
a  mixture  of  DKP,  Indalone  and  dlmethylcarbate  (DID),  benzlmln  and 
dlethyltoluamlde  (DET)  -  the  most  effective  were  DET  and  benzlmln. 

Upon  applying  repellents  to  the  skin  the  period  of  the  repellent 
effect  fluctuates  for  DMP  solution  within  the  limits  of  2^  to 
hours,  for  DMP  cream  --  ^»-6  hours;  benzlmln  in  the  form  of  pencils 
containing  25){  preparation  protects  up  to  2^  hours;  In  the  form  of 
a  20%  lotion  -  3-3  hours;  a  solition  of  the  pure  preparation  -  7.3 
hours;  DID  -  6^  hours;  DET  -  up  to  8  hours. 

We  tested  the  properties  of  dlethyltoluamlde  In  the  south  of 
Turkmenia  -  we  impregnated  gauze  netting^  at  a  rate  of  80-100 
g/m^.  Before  hanging  the  netting  In  openings  where  light  comes 
in  It  Is  necessary  to  let  It  air  out  for  6-9  days. 

Premises  (tents)  protected  by  such  netting  should  be  well 
ventilated;  sand  flies  and  also  mosquitoes  do  not  fly  into  them 
for  25-^0  days. 

Insecticides  are  being  broadly  used  to  kill  adult  sand  flies. 

For  combatting  sand  flies  disinfecting  powders,  emulsions,  suspensions, 
and  aerosols  of  DDT  and  hexachlorane  are  also  recommended. 

The  main  appxlcatlon  of  DDT  and  hexachlorene  Is  for  the  treatment 
of  surfaces  of  Inhabited  and  uninhabited  premises  and  also  for  the 
treatment  of  vegetation  surrounding  living  quarters.  It  Is  necessary 
to  keep  In  mind  that  the  treatment  of  surfaces  In  living  quarters 
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should  be  carried  out  only  with  DDT  preparations,  but  for  treatlnn: 
the  external  walls  and  surfaces  of  uninhabited  premises  It  Is 
possible  to  use  hexachlorane . 


The  most  convenient  forms  for  the  application  of  these 
preparations  In  treating  surfaces  are  emulsions  and  suspensions. 
Per  each  square  meter  of  treated  area  there  are  expended  from  1 
to  2  g  of  DDT  or  hexachlorane  based  on  the  active  substance.  The 
Insecticidal  properties  of  the  treated  surfaces  In  such  premises 
are  preserved  In  the  first  case  for  up  to  1^  months,  and  in  the 
second  -  for  up  to  15-?0  days. 


In  treating  premises  they  are  first  cleaned  of  dust  (otherwise 
dirty  spots  or  streaks  will  form),  and  then  in  sequence  the  peripheral 
sections  of  the  celling,  walls,  doors  and  windows  are  treated. 

The  floors  and  ceilings  are  treated  to  a  width  of  2  m  from  the 
wall;  wooden  ceilings  and  ceilings  In  low  premises  are  treated 
completely;  floors,  the  lower  surfaces  of  furniture  and  its  parts 
turned  toward  the  walls  are  completely  treated,  because  sand  files 
hide  In  these  sites.  Carpets,  pictures,  and  furniture  are  treated 
If  the  preparation  does  not  leave  traces  on  them  and  articles  of 
furniture  should  not  be  rubbed  Immediately  after  treatment;  they 
must  be  allowed  to  dry.  On  the  outside  of  buildings  surfaces 
around  windows,  doors  (to  a  width  of  up  to  0.5  m)  and  the  doors 
themselves  are  treated.  In  pioneer  summer  camps  they  completely 
treat  the  external  and  Internal  surfaces  of  tents,  the  lower  surface 
of  furniture  and  various  flooring.  The  work  Is  carried  out  In  dry 
weather.  Animal  quarters  are  also  treated:  stable,  pigsties, 
chicken  coops. 


For  these  purposes  It  Is  possible  to  use  pencils  containing 
hexachlorane  or  DDT,  which  are  deposited  on  a  surface  In  strlnes 
In  the  form  of  a  grid.  The  surfaces  are  rubbed  with  a  rag  before 
applying  the  pencil,  and  the  floor  and  celling  are  swept  with 
brushes  (brooms)  rubbed  with  a  pencil. 
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In  treating  terraces,  parks,  public  gardens  and  other  open 
places  the  vegetation  Is  treated  first  of  ail,  and  then  the  lower 
surfaces  of  benches,  chairs,  etc. 

Only  those  plants  are  treated,  which  are  next  to  dwellings. 

For  treating  vegetation  emulsions  and  suspensions  at  2%  concentrations 
are  used.  The  best  results  were  provided  by  water-soao  suspensions. 
The  treating  of  parks  In  toto  Is  not  recommended,  because  this 
may  cause  the  destruction  of  useful  Insects  (bees,  bumble-bees, 
Ichneumon-flies),  and  also  birds.  These  Insecticides  should  not 
be  applied  in  large  areas  of  open  nature  at  the  time  of  the 
blossoming  of  plants  pollinated  by  Insects.  According  to  P.  A. 
Petrishchevoy ,  sand  flies  very  rarely  land  on  vegetation  and  do  not 
remain  on  It  during  the  day,  and  therefore  there  is  no  need  to 
treat  flower  gardens  and  decorative  shrubs.  Vegetation  should  be 
treated  only  when  it  Is  very  near  to  places  where  oeople  snend 
evenings  out  of  doors. 

DDT  aerosols  are  applied  with  great  success  for  destroying 
sand  flies  In  closed  premises.  Good  results  are  also  obtained  and 
with  the  use  of  freon  aerosols  of  DDT  at  a  rate  of  0.2-0. 3  g  of 
active  substance  per  m"'  space.  Outside  premises  It  is  also  possible 
to  use  freon  aerosols  or  aerosols  obtained  by  spraying  oil  solutions 
of  Insecticides  (at  a  rate  for  prolonged  residual  effect).  It 
Is  necessary  to  carry  out  aerosol  spraying  from  the  leeward  side. 
Trees,  shrubs  and  grasses  treated  with  insecticidal  aerosols  are 
not  damaged;  at  a  dose  of  0.^  g  of  active  substance  ner  m  sand 
flies  die  within  1-3  hours  after  smoke-treatment.  If  In  the  first 
17  days  paralysis  In  the  majority  of  sand  flies  appears  after  30 
minutes  of  contact  with  a  treated  surface,  then  by  the  50th  day 
the  time  of  contact  had  to  be  not  less  than  2  hours.  Aerosols 
cannot  be  applied  Immediately  after  rain  or  when  there  Is  dew. 

Pyrethrum  Is  atomized  at  a  rate  of  2-^1  g/m^  directly  at  the 
sites  of  sand  fly  accumulation  and  also  on  surfaces,  where  particles 


of  the  powder  can  be  retained  (rough  walls,  cornices,  reverse 
sides  of  picturis,  etc.).  The  effectiveness  of  pyrethrum  powder 
atomized  on  surface  Is  preserved  up  to  7  days.  For  repeated  dusting 
the  old  powder  is  removed. 

For  fumigating  they  use  pyrethrln  candles  containing  about 
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0.08j(  pyrethrins;  repellent  dose  In  a  closed  room  is  O.^j-l  g/m-*, 
and  with  open  windows  1-?  g.  Fumigation  can  be  carried  out  by 
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burning  pyrethrum  powder;  for  this  it  Is  placed  at  a  rate  of  3 
of  premises  on  Iron  trays  or  frying  pans,  which  are  heated.  In 
the  burning  of  pyrethrum  there  Is  liberated  a  large  amount  of  smoke 
causing  the  paralysis  and  death  of  sand  flies. 

For  the  one-time  destruction  of  mature  sand  f]ies  It  Is  possible 
to  carry  out  treatment  of  uninhabited,  and  In  certain  cases  also  of 
habitable  premises  with  a  3%  soap  emulsion  prepared  at  the  work 
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site  from  naphtha  soap  or  technical  green  soap  at  a  dose  of  25  mt/m 
of  surface.  It  Is  necessary  to  spray  the  ceilings  and  walls  of 
premises  from  top  to  bottom  without  lapses,  especially  the  corners, 
the  space  behind  furniture  and  various  curtains.  In  the  absence  of 
naptha  soap  and  green  soap  it  Is  possible  to  use  soap-kerosene 
emulsions:  31?  kerosene,  0.6%  soap;  the  soap  Is  ground  and  dissolved 
In  hot  water  (1/10  part).  Then  to  the  soap  emulsion  there  Is 
gradually  added  kerosene  at  the  rate  indicated  above  with  thorough 
and  constant  stirring.  The  stirring  is  stopped  when  the  liquid 
acquires  a  uniform,  milky  color.  The  obtained  liquid  Is  diluted 
with  10  parts  of  water.  The  emulsion  dofs  not  separate  into  layers 
for  a  day.  During  spraying  and  for  ^5  minutes  after  It  the  premises 
should  be  closed,  after  which  the  premises  are  aired  out. 

V.  M.  Saf'yanova  together  with  I.  I.  .-Jeledtso'^  tested  the  effect 

of  cnlorophos  on  sand  flies  under  industrial  conditions.  In  a  small 

settlement  of  the  Serakhs  region  (Turkmenia)  structures  of  raw 

brick  were  treated.  The  preparation  was  applied  at  a  rate  of  2  g 

2 

of  active  substance  per  m  .  The  duration  of  the  residual  effect 
of  chlorophos  was  equal  to  7  day.s. 
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These  “uthors  checked  the  toxicity  of  acetoxon  on  sand  flies 
and  noted  that  it  was  only  slightly  toxic  to  them. 

Numerous  operations  at  foci  of  pappatacl  fever  and  dermal 
leishmaniasis  showed  that  only  a  complex  of  measures  gave  the  desired 
result  -  a  sharp  reduction  in  the  number  cases  of  these  diseases. 

Thus,  at  foci  of  pappatacl  fever  (Crimea,  Turkmenia,  Armenia)  along 
with  the  general  sanitary  measures  ail  structures  were  treated  with 
preparations  of  DDT  and  hexachlorane  during  the  first  2  years. 

Then  barrier  and  focal  treatment  was  conducted.  The  number  of 
cases  beginning  with  the  second  year  was  sharply  reduced  and  in  the 
third  year  decreased  almost  to  zero. 

For  carrying  out  disinfestation  economically  it  is  more  efficient 
to  use  the  wet  treatment  method  with  sprayers,  starting  with 
portable  highly  productive  MRZh  apparatus  with  a  weight  of  about 
9  kg  to  powerful  ARS-12  engine  mounted  on  a  vehicle. 

At  a  focus  of  dermal  leishmaniasis  an  appreciable  reduction 
in  the  sick  rate  was  observed,  if  along  with  the  insecticidal 
treatment  of  the  structures  there  was  carried  out  dusting  of  the 
burrows,  and  also  destruction  of  the  rodents.  For  this  disinfestation 
should  be  conducted  not  less  than  2  times  a  month. 

Measures  for  Combatting  Burrow  Inhabitants  - 
Sand  Flies  and  Vertebrates 

As  was  already  stated,  animal  burrows  are  the  main  breeding 
place  of  sand  flies  and  th 3  main  site  of  the  preservation  of  patho¬ 
genic  agents  in  the  organism  of  vertebrates  and  Insects.  Therefore 
the  destruction  of  burrow  inhabitants  is  basis  of  combatting  the 
reservoir  and  carrier  of  leishmaniasis  and  pappatacl  fever.  Tt 
1ft  necessary  to  reach  the  state,  where  at  inhabited  points  there 
are  no  burrows.  For  combatting  the  hosts  of  these  pathogenic 
agents  such  effective  methods  are  acceptable,  as  catching  rodents 
with  all  mechanical  trapping  means  and  destroying  them  with  poisoned 


baits.  After  destroying  the  burrow  Inhabitants  It  Is  necessary  to 
seal  up  the  burrows,  clogging  them  up  with  earth  and  stopping 
them  up  with  clay. 

Along  with  prophylactic  measures  at  an  Inhabited  point  special 
attention  should  be  paid  to  the  environs,  also  extending  to  them 
the  basic  aspects  of  the  measures  of  good  management.  The  main 
attention,  however,  should  be  paid  to  combatting  the  Inhabitants 
of  the  burrows . ^ 

The  first  use  poisons  In  rodent  burrows  as  an  antiepidemic 
measure  at  foci  of  dermal  leishmaniasis  disease  was  conducted  by 
N.  I.  Latyshev  In  August  1938  In  the  Murgabskly  basin  (Turkmenia). 

On  an  area  of  1250  ha  about  500,000  burrows  were  treated  with 
poison.  In  each  burrow  hole  there  was  placed  3-^  g  of  chloroplcrln, 
after  which  the  burrow  was  trampled  in. 

During  the  vlnter  months  2  men  visited  the  treated  zone  dally 
and  according  to  the  number  of  newly  settled  burrows  they  carried 
out  repetitive  poisoning  with  chloroplcrln.  Thus,  the  possibility 
of  a  rodent  Inv.slon  of  the  treated  area  from  another  area  during 
the  winter  was  prevented.  The  effect  due  to  the  conducted  work 
was  enormous:  In  the  year  of  treatment  the  disease  Incidence  was 
reduced  by  10  timeo,  and  after  a  year  a  total  of  only  3  men  fell 
111.  The  Incidence  of  disease  decreased  from  70%  down  to  0.^%. 

The  multiyear  experimental  work  of  a  number  of  specialists, 
using  chloroplcrln,  showed  that  the  mortality  rate  of  gerblls 
fluctuates  mainly  from  88  to  95!^. 

The  greater  reduction  In  the  number  was  attained  by  carrying 
out  double  the  number  of  poisoning  operations  during  a  season.  This 
prevented  a  mass  epidemic  of  dermal  leishmaniasis  for  1-?  years. 

At  heavily  populated  points  the  disease  Incidence  decreased  by 
20  times  and  more  -  only  from  0.1  to  0.7Z  of  the  ponulatlon  was 
Infected;  In  small  villages  the  disease  Incidence  decreased  by 
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3-10  times.  In  cities  It  was  mainly  the  Inhabitants  of  the  outskirts 
who  became  111  with  the  disease. 

The  essence  Ox*  the  chloroplcrln  method  of  control  consists 
in  the  fact  that  In  each  burrow  hole  at  a  depth  of  20  cm  there  Is 
placed  a  cotton  tampon  moistened  with  poison.  Then  the  burrow  Is 
firmly  trampled  shut.  As  was  already  Indicated,  the  method  Is 
sufficiently  effective,  but  labor-consuming:  In  8  hours  of  work  on 
a  site,  where  the  density  of  burrows  per  ha  varies  from  500  to 
1000,  one  worker  manages  to  treat  0.7-1  ha.  Apparently,  therefore 
the  chloroplcrlnlzatlon  method  with  trampling  has  not  found  broad 
application.  The  seeding  of  rodent  burrows  with  poison  without 
closing  them  up  is  Ineffective. 

As  the  works  of  L.  N.  Yeliseyeva  with  co-authors  showed,  even 
with  a  reduction  In  the  number  of  gerblls  by  92-98?  the  disease 
Incidence  among  the  population  remained  high. 

This,  apparently,  is  explained  by  the  fact  that  the  burrow 
were  not  closed  up  and  they  continued  to  exist  as  a  source  of  sand 
fly  breeding.  Even  in  sand  deserts  the  period  of  preservation  of 
colonies  of  great  gerblls  In  treated  areas  was  very  long.  According 
to  the  observations  of  N.  I.  Vologin,  V.  P.  Nikitin  and  A.  P. 

Mllovanov  In  colonies,  where  the  rodents  were  exterminated  and  there 
were  no  signs  of  life,  up  to  50?  of  the  burrows  remained  open  for 
up  to  ^  months  after  the  treatment.  In  colonies,  where  only  a 
portion  of  the  rodents  was  poisoned,  life  did  net  cease. 

Our  observations  (E.  B.  Kerbabayev,  A.  B.  Karapet 'yan,  T.  N. 
Remyannikova ,  L.  L.  Semashko,  G.  A.  Babayants,  Ye.  X.  Belova) 
conducted  In  1959  In  the  region  of  Ashkhabad  agree  with  the  precedlnfr 
data.  In  clarifying  the  effect  of  poisoning  rooents  on  the  biological 
situation  of  sand  fll is  It  was  established  that  sand  fly  breeding 
even  In  uninhabited  burrows  goes  on  Intensively.  Moreover,  It 
was  also  established  that  uninhabited  burrows  are  widely  used  by 
sand  flies  as  daytime  rest  sites.  Among  the  sand  flies  caught  In 
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uninhabited  colonies  more  than  9%  were  Infected  by  leptomonads. 

In  sections,  where  the  burrows  were  not  Inhabited  by  rodents, 
the  Infestation  by  sand  flies  reached  12.5% •  Consequently,  the 
destruction  of  the  rodents  without  the  elimination  of  the  burrows 
does  not  stop  the  existence  of  sand  fly  breeding  sites;  these  burrow 
can  be  used  as  shelters  by  Infected  sand  flies  flying  over  from 
Inhabited  colonies. 

L.  N.  Yeliseyev  with  co-authors  proposes  not  giving  uo  In  the 
bait  method,  but  applying  It  more  broadly.  With  this  method  the  bait 
must  be  placed  In  each  burrow  at  a  distance  of  10-15  cm  from  the 
mouth  of  the  entrance. 

For  complete  desti'uctlon  of  the  rodents  the  authors  propose 
four  treatments  during  the  season.  The  labor-input  and  the 
uneconomicalness  of  this  modification  is  evident,  and  the  epidemio¬ 
logical  effectiveness,  anr.lr'tous  to  the  chloroplcrlnlsatlon  method 
with  the  filling  In  of  the  burrows,  is  very  high  -  the  disease 
Incidence  decreases  by  10-20  times. 

V.  M.  Katkov  reports  on  the  results  of  combatting  dermal 
leishmaniasis  at  a  focus  by  the  method  of  poisoning  the  site  only 
with  grain  with  zinc  phosphide  at  one  section  (around  32  Inhabited 
points)  combined  with  dusting  of  the  burrows  with  Insecticides  - 
at  a  second  (around  two  settlements).  The  poisoned  bait  contained 
10!{  zinc  phosphide;  as  the  Insecticide  there  was  apnlled  25f  DDT 
disinfecting  powder  at  a  rate  of  H-5  g  In  each  burrow. 

As  a  result  of  the  deratization  there  was  attained  a  mortality 
rate  of  the  rodents  of  from  53  to  871.  Analysis  of  disease  incidence 
showed  that  to  attain  this  reduction  only  by  deratization  was  not 
possible.  In  one  settlement,  around  which  along  with  the  ooisonlng 
operations  there  was  carried  out  dusting  of  the  front  sections  of 
the  burrows,  the  disease  Incidence  decreased  by  7B%,  at  another 
not  one  case  of  dermal  leishmaniasis  was  recorded. 
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In  seeking  the  most  effective  method  of  control,  namely  trying 
to  find  agents  for  the  simultaneous  destruction  of  the  inhabitants 
of  burrows  and  sand  fly  hosts,  starting  with  1959,  disinfecting 
powders,  aerosols  and  gases  were  tested. 

In  1959  Independent  of  each  oi;her  I.  S.  Turov  (Central  Scientific 
Research  Dlslnfestatlonal  Institute)  and  Yu.  D.  Chugunov  (Institute 
of  epidemiology  and  microbiology  Im.  N.  P.  Gamaley)  with  co-authors 
applied  for  poisoning  burrows  their  deep  dusting  with  Insecticidal 
disinfecting  powders. 

It  was  established  by  observations  that  the  method  of  the  forced 
supply  of  disinfecting  powders  with  exhaust  gases  was  the  most 
effective.  If  the  filling  In  of  the  burrows  was  carried  out.  In 
this  case  not  only  the  arthropods  died,  but  also  a  considerable 
portion  of  the  vertebrate  Inhabitants  of  the  burrows.  The  method 
was  sufficiently  effective  only  In  territories  with  a  small  number 
of  rodents  (great  gerblls).  Considering  that  In  treated  sections 
the  number  of  rodents  qulcly  begins  to  re-establish  Itself ,  it  Is 
recommended  that  a  repeat  treatment  be  carried  out  In  a  month;  with 
a  great  density  of  colonies  and  a  large  number  of  rodents  -  once 
In  a  ten-day-period  (Yu.  A.  Dubrovskly  with  co-authors). 

A  parallel  Investigation  of  the  effectiveness  of  the  method 
with  respect  to  sand  flies  shows  that  immediately  after  treatment 
the  number  of  sand  flies  emerging  from  the  burrows  Is  reduced  by 
0-8  times.  After  a  month  the  number  of  sand  flies  is  restored 
by  70-80*. 

The  effectiveness  of  the  method  with  respect  to  sand  flies 
Is  small  In  that  It  Is  inferior  to  the  preceding  one  -  the  number 
of  sand  flies  emerging  from  the  burrows  Is  reduced  by  5-6  times. 

The  experiments  showed  the  presence  of  considerable  nonsusceptlblllty 
to  DOT  and  hexachlorane  In  a  group  of  sand  fly  species.  The  least 
sensitive  were  Ph.  papatasll,  then  Ph.  sergentl,  S.  arpaklensls. 

Even  with  a  dose  of  6  g/m^  (DDT)  about  20*  of  the  Individuals  remained 
alive  (N.  L.  Pedder,  A.  N.  Alekseyev). 
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N.  V.  Neklpelov  and  N.  P.  Zhovtyy  obtained  aerosols  -.“rom  the 
sublimation  of  technical  hexachlorane  and  DDT  with  hot  gases.  To 
the  exhaust  pipe  of  a  motor  vehicle  there  Is  attached  a  metal 
cylinder,  in  which  there  Is  inserted  a  pen-case  with  many  holes. 

The  technical  Insecticide  Is  placed  In  the  pen-case.  The  hot  gases 
(not  higher  than  160®),  passing  through  the  Insecticide  sublimate 
It.  The  aerosol  moves  along  the  hose  into  the  burrow.  In  using 
Insecticidal  smoke  pots  a  temporary  and  very  weak  effect  is 
observed. 


In  our  opinion,  the  most  promising  method  of  control  must 
be  considered  the  method  of  the  forced  supply  of  Insectlcldal- 
raticldal  aerosols  Into  burrows. 

The  process  of  treating  with  aerosol  generators  consists  In  the 
fact  that  the  nozzle  of  the  working  apparatus  Is  placed  close  to  the 
burrow;  the  Insecticidal  DDT  smoke  rushes  along  the  passages  of  the 
burrow  and  immediately  begins  to  emerge  from  all  the  holes. 

Within  3-5  minutes  from  one  position  there  Is  completely  created 
a  colony  with  an  average  diameter  and  with  80-120  exits  located  on 
an  area  of  900-1200  m^. 

A  calculation  of  the  effectiveness  of  treating  with  aerosol 
generators  showed  that  the  smcke  cloud  possesses  high  Insecticldal- 
ratlcidal  properties.  Thus,  after  treatment  for  16  months  (the 
period  of  observation)  all  colonies  were  without  signs  of  life; 
not  one  burrow  was  opened.  Excavations  carried  out  showed  that 
the  animals,  which  had  lived  In  the  burrows,  had  died. 

If  before  beginning  the  treatment  from  the  burrows  sand  files 
emerged  (up  to  3  per  burrow),  after  treatment  sand  flies  did  not 
emerge  from  the  burrows  for  5  months  (the  period  of  observations). 

In  the  burrows  fleas  also  died. 
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Table  ^2.  Preparations  tested  against  certain  arthropods  and  small 
vertebrates. _ _ 


di;* 

•H  0 

li. 

.Code 

Name  of  the  preparation  and 
amount  In  the  mlxtuies 

Subject  of  investigation 

1 

Di-1 

Shlorophoe 

30% 

White  mice,  great  gerbil,  X.  cheopis, 
fleas 

Ihermal  mixture 

7056» 

All  stages  of  E.  asiatlcum,  H.  anatollcum 
H.  detritum 

2 

Kh-5 

Shlorophoe 

Sine  phoaphide 

20% 

10% 

The  same 

3 

Qi-6 

Dhlorophos 

Zinc  phosphide 

19% 

White  mice,  great  gerbll,  fleas;  all 
stages  of  H.  asiatlcum,  0.  tartakovskyl 

h 

Sh^7 

Ihlorbphos 

Zinc  phosphide 

CM  CM 

White  mice,  fleas 

$ 

OiK-l 

Chlorophos 

30% 

White  mice,  great  gerbil,  fleas,  persul- 
catus  larvae;  all  stages  of  development 
of  H.  anatollcum,  h.  detritum,  0. 
tartakovskyl 

Llkallne  additive  >  I 

1 

6.2** 

6 

OiK-2 

Shloroplios 

30% 

White  mice,  great  gerbll,  fleas,  I. 

UJcallne  additive  -  I 

2.35% 

persulcatus  larvae;  all  stages  of 
development  of  H.  anatollcum,  H. 
asiatlcum 

7 

(hK-3 

Chlorophos 

(llkallne  additive  -  I 

30% 

1% 

White  mice,  fleas 

8 

OiP-l 

Chlorophos 

30% 

White  mice,  great  gerbll,  I.  persulcatus 

Ukallne  additive  -  II 

10% 

larvae;  all  stages  of  development  of 

H.  anatollcum,  H.  detritum 

9 

ihP-2 

Chlorophos 

30% 

White  mice,  great  gerbil;  all  stages  of 

Ukaline  additive  -  II 

k% 

development  of  H.  anatollcum,  11. 
detritum 

10 

[hP-3 

Ch^rophos 

(Ukaline  additive  -  II 

30% 

1.5% 

White  mice,  fleas,  I.  persulcatus,  larvae 

11 

»b.l0 

Zinc  phosphide 

50% 

White  mice,  fleas,  H.  asiatlcum,  larvae 

12 

No. 12 

Zinc  phoaphide 

5CCH 

o  o 

CM  CM 

The  same 

n  II 

13 

I>>12 

Zinc  phoaphide 

20^ 

tt  If 

Samaa-isomer 

20^ 

If  If 
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Table  4?  (Continued), 


c  ^ 

•H  ® 

Code 

Name  of  the  preparation  and 

amount  in  the  mixtures 

1 _ 

Hi 

D-12 

DDVP 

Chlorophos 

5? 

25? 

15 

D-7 

Chlorophos 

Dithiophos 

25? 

20? 

16 

T-3 

Thlophos 

20% 

17 

0-3 

Octomethyl 

20% 

18 

SG 

Sulfur 

60? 

Subject  of  investigation 

White  mice,  fleas,  H.  aslutlcum,  larvae 

The  sane 

Fleas,  white  micej  all  stages  of 
developnent  of  H.  asxaticum,  H. 
anatolicun,  H.  detritun,  0.  tarakovskyl 

White  nice,  fleas;  all  stages  of 
developnent  of  H.  asiaticum,  H. 
anatollcun,  0.  tartakovskyi 

All,  except  0.  tartakovskyl,  but  plus 
H.  detritun 

White  nice,  great  gerbll,  hedgehogs, 
fleas;  all  stages  of  developnent  of  H. 
aslatlcun,  H.  anatolicun,  H.  detritun 


*In  all  the  remaining  compounds  the  thermal  mixture  constitutes  an  amount 
short  of  lOOjK. 

^H«•The  amount  of  alkaline  additives  is  calculated  above  lOOJJ, 


The  process  of  treating  burrows  with  aerosols  pots  consists 
in  the  fact  that  the  ignited  pot  Is  inserted  Into  the  burrow.  A 
stream  of  air  from  a  fan  Is  fed  along  a  hose  into  this  burrow. 

With  the  flow  of  air  the  smoke  spreads  throughout  all  the  passages, 
fissures  and  dead-ends. 

As  insectlcldal-ratlcldal  mixtures  we  tested  under  laboratory 
conditions  l8  different  formulas  containing  DDT,  hexachlorane , 
gamma-isomer,  chlorophos,  thlophos,  dlthlophos,  DDVP,  octomethyl, 
zinc  phosphide  and  sulfur  (Table  ll2). 


As  can  be  seen  from  Table  ^2,  the  smoke-mixture  compounds 
were  diverse,  and  to  some  of  them  alkali  was  added  (1-10?) . 
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Tests  of  the  Insectlcldal-raticldal  properties  of  these 
preparations  showed  that  all  of  them  are  highly  toxic  to  arthropods 
(fleas  and  ticks).  The  death  of  the  arthropods  occurred  within 
10-15  minutes.  At  the  same  dose  (20  g/m^)  vertebrates  (white 
mice  and  great  gerblls)  died  fastest  of  all  (within  10  minutes) 
from  smoke-mixtures  of  chlorophos  and  gamma-isomer  with  zinc 
phosphide  (codes  Kh-6,  L-12). 


Footnotes 


*A  rocket  of  academician  Ye.  N.  Pavlovskiy  Is  a  sheet  of 
plywood  with  dimensions  of  25  *  25  cm  attached  to  a  light  stick  of 
the  required  length.  On  both  sides  of  the  corners  of  the  olywood 
there  are  fastened  or  glued  corks  or  small  wooden  blocks  2-3  cm 
square.  To  the  plywood  there  are  pinned  sheets  of  sticky  naoer. 

The  rocket  is  more  parallel  to  the  surface  of  the  walls.  Sand 
flies  taking  off  stick  to  the  paper. 

^The  gauze  netting  was  sewn  from  strips  of  gauze  with  a  width 
of  2-3  cm.  The  netting  protected  windows  and  doors,  but  when  netting 
with  large  mesh  was  applied  the  protective  properties  were  sharply 
impaired. 

^To  Illustrate  combatting  dermal  leishmaniasis  at  foci  we  will 
endeavor  to  expound  the  basic  positions. 
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CHAPTER  XXVIII 

BLACK  FLIEn  AND  THEIR  CONTROL 
The  P^thopenlc  .?ip;nlflcance  of  Black  Flies 

Black  fly  fauna  —  family  Slmulildae  -  numbers  more  than  -900 
species;  of  these  there  have  been  recorded  in  the  USSR  3P2  species 
and  43  subspecies  belonging  to  two  subfamilies:  Gymnopaidinae, 
Slmulllnae.  Botn  subfamilies  contain  17  genera. 

D 

^  Black  flies  belong  to  Insects  with  complete  metamorphosis.  The 

prelmaginal  stages  of  development  (eggs,  larvae,  pupae)  develop  in 
running  ceservolrs.  The  mature  forms  of  black  flies  are  dipterous 
Insects  completing  cycle  of  development  in  an  air  environment. 

In  the  forest  and  taiga  zones  of  the  country  black  flies  are 
one  of  the  most  Important  components  of  blood-sucklnp  flies. 

Black  flies  are  annoying  blood-suckers;  they  attack  man  and 
animals  en  masse,  they  get  into  the  ^yeo,  mouth,  flock  into  the 
hair,  ears,  get  up  under  the  clothing.  They  Impede  work,  fatigue 
and  exhaust  with  their  bites,  and  sharply  lower  the  productivity 
of  labor. 

The  bite  of  black  flies  at  first  is  not  felt,  then  a  bleeding 
wound  is  opened,  severe  burning  and  itching  is  sensed,  swelling 
appears . 

O 
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This  severe  effect  of  black  fly  bites  Is  explained  by  the 
toxicity  of  their  saliva.  The  Intensity  of  the  dermal  reaction 
depends  on  the  Individual  peculiarities  of  the  organism,  the  season 
and  the  species  of  black  fly,  which  bites. 

Bites  on  the  face,  especially  In  the  region  of  the  eyes  cause 
rather  severe  afterwffects;  severe  swellings,  a  local  and  sometimes 
a  general  temperature  increase,  toxin  poisoning. 

Hystologlcal  Investigation  shows  that  toxin  getting  Into  the 
organism,  damages  connective  basis  of  the  skin  with  the  muscular 
and  nervous  bundles  Imbedded  In  It.  The  toxin  spreads  throughout 
the  organism;  with  the  blood  stream  it  causes  inflammatory  changes 
In  the  myocardium,  damages  the  renal  glomeruli  and  causes  hemolysis. 

Domestic  animals  especially  suffer  from  black  flies.  With 
the  advent  of  May  black  flies  become  a  scourge  for  then.  Sometimes, 
fleeing  from  the  harassing  blood-suckers,  the  animals  literally 
"turn  Into  wild  animals."  The  mild  yield  drops  sharply,  the  animals 
become  emaciated  and  even  die. 

Besides  the  aggravating  effect,  which  these  insects  Inflict 
on  man  and  animals,  they  are  specific  carriers  of  a  number  of 
diseases:  haemosporldlosis,  onchocerciasis,  myxomatosis. 

Thus,  haemosporldlosis  in  birds  is  a  disease  of  the  febrile 

type;  it  Is  caused  by  hematic,  protozoal,  pathogenic  agents.  Prom 

this  disease  the  mass  death  of  poultry  has  been  recorded. 

/ 

Myxomatosis  according  to  observations  In  nature  and  In  the 
laboratory.  Is  transmitted  by  the  black  fly  S.  melatum. 

Onchocerciasis  is  a  disease  caused  by  a  round,  thread-like 
worm,  which  Is  transmitted  by  black  flies  during  the  blood-sucking 
period.  In  the  ox'ganlsm  of  an  animal  Onchocercae  reach  1  m  In 
length  and  are  localized  both  In  the  internal  organs  (Onchocerca 
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lienalls  stills)  and  also  in  the  neck  ligaments  (0.  gutturosa 
Newm.),  the  subcutaneous  cellilar  tissue,  the  Intermuscular  tissue 
(0.  cervicalls  Rail,  et  Henry),  where  they  cause  inflammation 
and  tumors. 

This  disease  weakens  the  human  and  animal  organism,  lowers 
their  efficiency  and  productivity,  and  frequently  leads  to  blindness. 

In  the  Soviet  Union  of  the  carriers  of  Onchocercae  there  are 
known  Odagmla  ornata,  Boophtora  erytrocephala,  Simulium  argyreatum, 

S.  morsitans,  S.  galeratum. 

Black  flies,  besides  the  enumerated  specific  diseases,  as 
blood-suckers  can  mechanically  transmit  anthrax,  glanders,  tularemia, 
leprosy,  plague  and  several  other  infectious  diseases.  This  in 
turn  makes  It  necessary  to  focus  special  attention  on  them. 

The  Morphologlco-Ecologlcal  Characteristics 
of  Black  Plies 


The  adult  Insects  have  a  body  length  of  from  1.5  to  7  mm.  The 
body  Is  thickset;  the  head  is  somewhat  bent  downwards;  the  compound 
eyes  have  a  bright-brown  color;  the  proboscis  Is  short  and  thick. 

The  thorax  is  humpbacked,  spherical,  and  covered  with  a  great 
number  of  hairs.  The  wings  are  long,  transparent,  and  without  spots. 
The  legs  are  strong  and  short.  The  color  of  the  females  In  most 
cases  is  dark-gray  or  black;  the  males  are  velvety-black  (Pig. 

25). 


Black  fly  eggs  have  a  rounded-triangular  or  oval  shape.  The 
color  of  the  eggs  depends  on  how  long  before  they  wer^  laid: 
freshly-laid  eggs  have  a  llght-ocherous  color,  In  time  they  acquire 
rusty-  or  dark-brown  color. 
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Pig.  25.  Black  flies  (Slmu- 
llum).  A  -  larvae,  view  from 
the  back;  B  -  pupa  in  its 
"house"  view  from  the  back; 

C  -  pupa,  side  view;  D  -  female, 
view  from  the  back;  E  —  female, 
side  view. 


The  larvae  are  worm-llke,  with  a  pear-shaped  elongation  at 
the  rear  and  a  slight  one  In  the  front.  The  head  Is  well-defined 
and  dark.  On  each  side  of  the  head  are  eyes  In  the  form  of  spots. 

On  the  abdominal  side  of  the  prothorax  there  Is  an  unpaired  "legs" 
furnished  at  the  end  with  hooks.  At  the  rear  end  of  the  abdomen 
^ there  are  3  papillae,  one  of  which  Is  a  sucker.  The  latter  Is 
furnished  with  hooks.  With  the  help  of  this  sucker  and  the  thoracic 
"leg"  the  larvae  hold  themselves  on  objects  and  move. 

Black  fly  larvae  have  four  stages  of  '^lopment.  The 
distinguishing  features  of  each  stage  dimensions  of  the  head. 

The  duration  of  larvae  development  lasts  uoout  a  month. 


762 


Black  fly  pupae  rest  In  a  special  cocoon  "house"  woven  by  the 
larvae  and  fastened  to  the  substrate.  The  pupa  is  considerably 
shorter  and  thicker  than  the  larva,  with  the  head  Is  directed 
toward  the  anterior  open  part  of  the  cocoon,  througn  which  protrude 
respiratory  filaments.  The  pupa  Is  not  a  feeding  phase  of  an 
Insect . 

The  eggs  and  pupae  of  black  flies  are  firmly  fastened  to  objects, 
but  the  larvae  lead  a  "semifastened"  form  of  life.  Due  to  a 
whole  series  of  reasons  the  larvae  move  in  water.  The  retention 
of  the  larvae  on  objects  Is  due  to  the  filaments,  formed  by  the 
silk  glands.  The  larvae  are  fastened  to  the  most  diverse  objects 
submerged  In  water. 

The  larvae  of  the  majority  of  species  of  black  flies  are  plastic 
with  respect  to  a  flow  speed  of  from  0.2-0. 3  to  1,12-1.^16  m/s, 
and  such  species  as  G.  cholodkowskyi,  W.  equina,  S.  arnatum,  S. 
venustum  v.  austeni  have  also  been  recorded  in  places  with  a  flow 
of  1.6  m/s.  The  stationary  distribution  of  larvae  in  a  reservoir 
is  different  depending  on  the  stage  of  development.  Thus,  larvae 
of  the  first  and  second  instars  are  usually  encountered  In  the 
coastal  iionw',  where  the  flow  speed  Is  low.  Larvae  of  the  third 
and  fourth  Instar  are  usually  encountered  In  places  with  a  maximum 
flow. 


Such  a  distribution  of  larvae  Is  In  direct  dependence  on  their 
need  for  oxygen  and  nutrition. 

As  is  known,  a  change  In  the  level  of  a  river  produces  a 
change  in  flow  speed,  turbidity  of  the  water  and  temperature. 
Numerous  observations  show,  that  both  with  a  decrease,  and  with  an 
Increase  of  the  river  level  unfavorable  conditions  are  created  for 
the  development  of  larvae  and  pupae.  In  a  period  of  level  decrease 
mainly  the  Immobile  stages  of  development  die  -  the  eggs  and  pupae. 
The  larvae,  as  a  rule,  move  downstream  In  the  river  and  Into  deeper 
places. 
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High  water  In  the  pupation  period  of  black  flies  hampers  the 
emergence  of  mature  Individuals  and  a  considerable  portion  of  them 

dies. 


The  viability  of  black  fly  larvae  does  not  suffer  during  a 
8hort-tei*m  change  In  the  environment. 

Black  flies  winter  in  the  egg  and  larval  stages;  their  development 
occurs  depending  upon  the  water  temperature.  In  the  reservoirs 
of  Armenia,  where  In  November  there  were  recorded  only  I  and  TI 
stage  larvae.  In  January  with  an  average  temperature  of  11®  there 
were  already  detected  larvae  of  the  older  Instars.  The  development 
of  larvae  Is  arrested  at  3.5®  and  below.  Thus  under  the  conditions 
of  the  Murmansk  region  the  hatching  of  larvae  also  begins  with  4® . 

The  flight  of  mature  black  flies  In  the  southern  regions  of  the 
country  starts  In  April,  In  the  middle  belt  —  in  May,  In  the  northern 
and  eastern  regions  -  In  June,  in  Yakutia  ~  at  the  beginning  of 
July;  In  the  south  by  this  time  the  flight  of  the  second  generation 
is  beginning;  In  the  eastern  and  northern  regions  the  flight  of  the 
second  generation  is  noted  at  the  end  of  July  -  the  beginning  of 
August.  Flying  out  from  the  reservoirs  the  black  flies  frequently 
settle  on  the  shore  vegetation.  In  which  they  remain  for  the 
first  1-2  days.  Then  they  begin  to  fly  away  In  all  directions. 

The  dispersion  occurs  mainly  along  the  paths  of  man  and  animals 
(along  roads,  cattleruns,  to  the  pastures). 

On  ^he  basis  of  epidemiological  data  (onchocerciasis  In  people) 
and  experimentally  it  has  been  established  that  the  disperson  of 
black  flies  from  their  breeding  place  can  be  to  a  distance  of  up 
to  10  miles.  Browne  notes  that  the  main  mass  of  blr^ck  flies  Is 
usually  recorded  within  a  two  meter  radius  from  their  breeding  site. 

The  duration  of  the  life  of  black  flies  is  subject  to  wide 
variations.  The  phytophagous  species  live  from  several  days  up  to 
one  month,  and  the  females  of  blood-sucking  species  live  on  the 
average  one  month  under  conditions  of  a  moderate  climate  up  to  3 
months  under  the  conditions  of  western  hemisnhere. 
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The  duration  of  life  of  the  Insect  Is  severly  reduced  without 
water  and  nutrition. 

Among  the  black  flies  possessing  organs  of  the  blood-sucking 
type  (the  majority  of  the  known  species },  few  species  attack  warm¬ 
blooded  animals. 

I.  A.  Rubtsov  considers  that  the  degree  of  blood-sucking 
activity  of  black  flies  as  well  as  other  Insects  ~  mosquitoes  and 
horseflies  depends  on  the  conditions  of  larva  development. 

Most  frequently  the  producers  of  active  blood-sucking  black 
flies  are  the  large  rivers  with  unfavorable  conditions  for  the 
nutrition  and  development  of  larvae  (Angara,  Yenlsey,  yo]ga,  Kura, 
Danube) . 

Black  flies,  which  attack  domestic  animals,  also  attack  man; 
tlielr  feeding  on  the  blood  of  amphibians,  birds,  squirrels,  mlce- 
llke  rodents  and  others  has,  apparently,  an  accidental  character. 

As  has  already  been  said,  their  physiological  development 
depends  on  the  nature  of  the  Insect  nutrition. 

The  newly  hatched  females  still  have  underdeveloped  eggs. 

After  receiving  a  full  portion  of  blood  (after  one  or  several 
bloodsucklngs)  the  rapid  development  of  the  eggs  begins.  The  digestion 
of  the  blood  and  the  complete  ripening  of  eggs  takes  5-7  days, 
after  which  the  eggs  can  be  laid.  In  the  case  of  the  absence  of 
conditions  for  ovlposltion  (cold  weather,  rains)  the  females  can 
delay  ovlposltion  for  15-20  days. 

The  number  of  eggs  laid  varies  greatly  (from  1  to  100  eggs) 
and  is  in  direct  dependence  on  the  amount  of  initially  imbibed  blood. 

On  the  basis  of  observations  in  the  laboratory,  in  the  nature 
and  epizootological  data  it  has  been  established  that  a  considerable 
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percent  of  the  females  suck  blood  repeatedly;  some  of  them  go  throuf?h 
up  to  five  gonotrophlc  cycles.  The  majority  of  black  files  (up 
to  95%)  go  through  1-2  gonotrophlc  cycles. 

Proceeding  from  these  data.  It  Is  necessary  to  assume  that 
repeated  blood-sucking,  apparently,  for  all  blood-sucking  species 
is  the  rule.  This  in  turn  Is  very  important  in  an  epidemiological 
respect  -  in  the  dissemination  of  diseases. 

In  the  process  of  development  males  emerge  from  the  eggs 
several  days  earlier;  they  have  been  concealed  in  shore  vegetation 
and  feeding  on  the  material  extracted  from  flowers  and  leaves.  Their 
main  mass  is  concentrated  along  the  shore  in  a  section  of  from 
500  to  900  m. 

After  the  males  the  females  hatch  in  unison  in  the  course  of 
6-8  days.  For  a  certain  time  they  also  concentrate  in  the  vegetation 
after  copulation  they  disperse  and  in  approximately  a  week  they 
return  to  the  reservoir  for  oviposit ion.  During  this  period  they 
hide  in  the  shore  vegetation  during  the  morning  and  evening. 

Phytophagous  species  copulate  on  land.  Under  the  conditions 
of  Karelia  the  black  flies  of  this  group  cover  the  shore  belt  in 
a  solid  layer. 

During  the  time  of  copulatlcn  (from  20  minutes  to  1^  hours) 
black  flies  almost  do  not  react  to  external  Influences. 

The  mating  of  black  flies  of  the  blood-sucking  group  occurs, 
as  a  rule,  in  flight.  For  many  species  swarming  has  been  noted; 
the  basic  mass  of  which  Is  composed  of  males.  The  distance  the 
swarm  moves  from  the  breeding  site  can  be  considerable  (several 
kilometers)  (Z.  V.  Usova). 

Species  of  the  genus  Simullum  foim  Incredibly  huge  swarms  with 
a  dimension  of  several  tens  of  meters. 
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After  fertilization  the  females  attempt  to  find  victims  for 
blood-sucking  or  they  can  proceed  to  oviposit. 

An  attack  of  black  flies  in  nature  Is  determined  by  the  Influence 
of  external  factors. 

In  the  south  of  our  country  (the  Volga  delta)  black  fly  attacks 
are  recorded  at  a  temperature  of  9-26.9®.  Moreover  an  attack  by 
black  flies  at  9®  Is  possible  only  with  clear,  sunny  weather, 
whan  the  body  of  black  flies  is  heated  by  the  direct  rays  of  the 
sun.  The  optimum  temperature  conditions  for  the  activity  of  black 
flies  Is  the  range  between  12  and  26.9® »  when  more  than  90!?  of 
all  Individuals  attack.  In  the  curve  of  the  number  of  attacking 
black  flies  during  this  perlcd  two  peaks  are  observed  —  at  15-17.9® 
and  at  24-26,9®.  Starting  with  a  temperature  of  27®  the  number 
curve  drops  sharply.  At  a  temperature  higher  than  30®  black  flies 
are  not  encountered.  The  activity  of  black  flies  during  the  day, 
proceeding  from  Indicated  temperatures,  starts  at  5  o’clock  and 
ends  at  9  o’clock  P.M,,  having  its  maxima  from  7  to  9  A.M.  and 
from  4  to  8  P.M. 

Under  the  conditions  of  the  north  (Karelia)  black  fly  attacks 
are  observed  within  the  range  of  6-29.9®;  the  optimum  temoeratures 
are  Included  between  12  and  27®;  at  higher  temperatures  the  number 
curve  drops.  The  greatest  number  of  attacks  Is  recorded  at  18-26.9®. 

During  the  black  fly  flight  season  in  the  north  two  rises  in 
number  are  noted  -  the  first  In  June,  the  second  -  at  the  end  of 
July  -  the  beginning  of  August. 

The  optimum  temperature  of  the  first  wave  Is  within  the  range 
of  12-21®,  and  of  the  second  —  24-26.9®.  Under  the  conditions 
of  Eastern  Siberia  (the  Anf^ara  riv-er)  In  the  Bratsk  region  black 
fly  attacks  are  observed  between  7  and  33®. 

Thus,  the  activity  of  black  flies  in  various  zones  has  Its 
own  temperature  limits.  Thus,  In  the  tundra  zone  black  flies  are 
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ac^-lve  within  the  limits  of '6-29.9°»  In  the  forest  zone  (the  middle 
belt,  Urals,  Western  Siberia)  within  the  limits  of  8-28®,  In 
the  taiga  zone  (Eastern  Siberia,  The  Far  East)  within  the  limits 
of  7-33® »  In  the  forest-steppe  zone  within  the  limits  of  9^5-33-5®. 

The  optimum  temperatures  In  almost  all  the  zones  fall  between 
12-28®;  only  In  the  taiga  zone  does  the  lower  optimum  boundary  begin 
at  16®. 

1 

In  our  observations  on  the  Him  River  (a  tributary  of  the  Angara) 
(M,  L.  Redder,  E.  B.  Kerbabayev,  A.  N.  Alekseyev)  the  activity  of 
black  flics  was  observed  from  0730  until  2130  hours.  The  activity 
curve  usually  had  two  peaks  -  a  morning  peak  before  0930  hours  and 
an  evening  peak  -  from  2000  hours  until  2130  hours. 

•In  overcast  weather  black  fly  attacks  were  very  severe  and  also 
In  the  middle  of  the  day.  Every  time  the  curves  of  humidity  and 
temperature  converged,  the  activity  of  black  flies  increased;  In 
proportion  to  the  divergence  of  these  curves  the  number  of  attacking 
black  flies  fell  sharply. 


The  leading  role  In  the  attack  of  black  flies  on  a  subject  for 
blood-sucking  was  played  by  their  organs  of  sight.  These  troublesome 
blood-suckers  attack  only  during  daylight.  Moreover  the  number  of 
attacks  of  black  flies  Is  considerably  affected  by  the  latitude  with 
Its  peculiarities.  Thus,  In  the  south  of  European  part  of  the  USSR 
the  flight  of  black  flies  begins  with  dawn  and  reaches  Its  maximum 
within  the  limits  of  1000-300  lx  (this  coincides  with  the  time  of 
6-8  o'clock  A,.M.).  The  further  Increase  In  illuminance  begins  to 


suppress  the  black  flies  and  by  10  o'clock  their  activity  Is  practically 
equal  to  zero. 

The  restoration  of  black  fly  activity  begins  at  1700  hours,  when 
Illuminance  Is  noticeably  dropping;  In  proportion  to  the  decrease 
in  illuminance  the  number  Increases,  the  curve  of  which  with  the 
approach  of  darkness  Is  Immediately  broken  off.  ?'or  example,  under 
the  conditions  of  Krasnoyarsk  black  fly  attacks  are  observed  from 
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16  to  16,995  lx.  The  optimum  Illuminance  was  I000-13>500  lx. 

Black  files  on  the  lookout  for  optimum  Illuminance  In  the  evening? 
move  to  the  tops  of  trees.  This,  apparently,  explains  the  absence 
of  these  Insects  at  night  In  low  vegetation  and  their  Instantaneous 
disappearance  with  the  approach  of  darkness.  In  the  north  In  the 
first  half  of  summer  twilight  does  not  occur  -  It  Is  light  around 
the  clock.  Illuminance  reaches  60,000  lx  and  more.  However,  this 
Is  almost  not  reflected  on  the  activity  of  black  files. 

The  only  thing  that  hinders  their  flight  here  is  the  low 
temperatures,  lower  than  6®,  and  the  Increased  relative  humidity 
up  to  90%  and  at  8.8®  there  Is  no  black  fly  flight. 

The  suppressing  effect  of  the  wind  on  black  fly  activity  is 
Indisputable,  but  it  appears  differently  under  different  conditions. 
In  closed  habitats  (overgrowth,  flooded  areas,  shrubs)  flight 
noticeably  decreases  with  a  speed  up  to  2  m/s,  and  with  a  further 
Increase  of  it  stops  altogether.  In  open  habitats  a  decrease  In 
the  number  of  black  files  Is  noted  at  a  wind  speed  of  up  to  1  m/s. 
Their  flight  ceases  at  a  speed  of  more  than  1.5  m/s.  Especially 
strongly  expressed  Is  the  suppressing  effect  of  wind  outside  the 
optimum  temperature  conditions.  Black  fly  attacks  chiefly  occur 
the  windward  side. 


Almost  no  effect  on  black  fly  flight  is  rendered  by  relative 
humidity  within  the  limits  of  18-lOCJ.  Black  fly  flight  ceases  only 
with  the  presence  of  fog,  but  light  rain  does  not  interfere  with 
their  activity. 

Basic  Principles  of  Combatting  Black  Flies 
and  Prophylaxis  of  Their  Attacl^ 

Combatting  black  f]y  larvae.  The  Idea  of  combatting  the  water 
stages  of  black  fly  development  appeared  long  ago.  Almost  80  years 
ago  for  decreasing  the  population  of  black  fly  larvae  rivers  were 
treated  with  a  kerosene  emulsion,  burnt  lime,  oarbonlte  sulfate. 


tobacco  smoke  and  pyrethrum.  Along  with  the  application  of  larvlcldes 
which  had  a  specific  effect,  it  was  considered  expedient  to  use 
dredges  to  remove  the  larvae  and  pupae  from  their  breeding  places. 

In  193^  I.  A.  Rubtsov  and  N.  A.  Vlasenko  published  the  results 
of  their  experiments  In  determining  the  necessary  doses  of  larvlcides 
for  destroying  the  water  stages  of  black  fly  development. 

It  has  been  determined  that  of  all  the  water  stages  the  most 
highly  sensitive  are  black  fly  larvae;  eggs  and  pupae  are  extremely 
resistant . 

In  Guatemala  against  black  fly  larvae  there  were  applied  low 
doses  of  DDT  emulsion:  at  a  ratio  of  0.1  part  of  preparation  per 
million  parts  of  water  complete  destruction  of  larvae  was  attained 
for  a  distance  of  10  km  downstream. 

Under  conditions  of  Kenya  into  the  current  of  a  river  there 
was  fed  a  5%  solution  of  DDT  in  kerosene  and  oils  by  the  drop 
method  for  35  minutes  at  a  rate  of  0.2  part  per  million  parts  of 
water.  The  destruction  of  black  fly  larvae  was  observed  downstream 
to  a  distance  of  up  to  65  km. 

Por  obtaining  a  noticeable  reduction  In  the  number  of  mature 
black  flies  In  a  region  where  larvae  were  being  combatted  it  was 
necessary  to  exterminate  larvae  for  a  100  days  (10  times  with  10 
day  Intervals).  Then  the  Intervals  between  treatments  were 
Increased  to  2  weeks,  and,  finally,  to  one  month.  During  the  black 
fly  breeding  season,  i.e.,  for  5  months,  the  river  was  treated 
15  times.  This  was  sufficient,  so  that  In  the  subsequent  half  year 
In  the  region  adjacent  to  the  treated  river,  there  would  not  be  any 
mature  black  flies. 

As  a  result  of  a  check  of  the  larvlcldal  properties  of  DD'^, 
hexachlorane ,  chlordane  and  toxaphene  at  different  dosages  It  was 
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established  that  DDT  dissolved  in  mazut  and  supplied  at  a  rate  of 
0.1  part  per  million  parts  of  water,  and  the  >;amma- Isomer  of  hexa- 
chlorane  at  a  rate  of  0.2  part  per  million  give  an  excellent  effect 
with  a  15-minute  exposure.  Broad  testing  showed  that  DDT  1:.  the  most 
acceptable  as  a  larvlclde. 

DDT  dissolved  in  diesel  fuel  is  Introduced  into  the  watei’  of 
a  river  for  30  minutes  at  a  rate  of  1  g  per  m^  of  water.  This  is 
also  immediately  reflected  on  the  number  of  adult  Insects;  it  is 
reduced  by  almost  97>K. 

Under  the  conditions  of  Guatemala,  Kenya,  eastern  Africa  and 
Alaska  considerable  success  was  attained  as  a  result  of  the  application 
.1  g  of  active  substance  of  DDT  per  m^  of  water,  with  treatment  at 
each  1.6  km. 


The  gamma-isomer  in  the  form  of  a  O.OOOIJ  emulsion  gives  a 
large  effect  at  an  exposure  of  5  minutes  and  can  be  applied  once 
a  month  without  harm  to  other  animals.  The  larval  population  after 
such  treatment  even  after  a  day  is  reduced  by  95-96?. 

According  to  laboratory  data  there  act  lethally  on  black  fly 
larvae:  gamma-isomer  at  a  concentration  of  ]: 1,000, 000  with  an 
exposure  of  1  minute;  DDT  emulsion  at  a  dose  of  10:1,000,000  with 
an  exposure  of  1.7  minute;  DDT  paste  at  a  dose  of  10.5:1,000,000 
with  an  exposure  of  5  minutes.  Lea  and  Dolmat  (195*<)  under  the 
conditions  of  Guatemala  established  that  at  a  dose  of  1:1,000,000 
heptachlor,  chlordane,  aldrln,  dleldrin  and  DDT  possess  high 
larvlcldal  properties.  By  lengthening  the  exposure  to  1  hour  the 
dose  could  be  reduced  by  10  times. 

Comparing  the  toxicity  of  chlorophos,  acetoxon,  trlchlormetapho8-3 
and  phosphamlde  with  DDT  A.  N.  Alekseyev  notes  that  of  all  the 
preparations  the  moat  toxic  was  acetoxon  (Table  ^13).  The  remaining 
preparations  are  inferior  to  DDT  in  toxicity. 
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Table  ^3*  Laboratory  data  about  the  destruction 
of  black  fly  larvae  from  different  Insecticides 
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Studying  the  effect  of  Insecticides  on  fish  under  experimental 
conditions  it  was  established  that  DDT  at  1:1,000,000,  and  the 
gamma-isomer  of  hexachlorane  at  a  dose  of  1:300,000-1:600,000  are 
not  toxic  to  fish.  A  number  of  authors  warns  that  the  accepted 
concentrations  are  dangerous  for  plankton  and  for  young  fish. 

The  danger  Is  in  places  with  Impeded  flow,  where  Increased  concentra¬ 
tions  of  the  preparation  are  created. 

All  the  cited  data  on  trf  atlng  rivers  were  connected  with  the 
method  of  surface  application:  most  frequently  the  treatment  of 
reservoirs  Is  carried  out  from  ordinary  ships,  cutters,  boats,  a 
raft  or  a  bridge.  For  treating  rivers  which  are  not  too  accessible, 
mainly  small  rivers  and  brooks,  aircraft  and  helicopters  are  used. 

Brilliant  results  were  obtained  with  the  use  of  a  soeclal 
emulsion  of  DDT  (1  part  of  12i  DDT  solution;  50  parts  of  velslcol- 
alkylnaphthalane;  parts  combustible  oil)  —  the  larvae  were  exterminated 
at  a  distance  of  more  than  100  k.-^  and  for  a  number  of  years  mature 
black  files  at  a  given  site  were  practically  absent. 
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Deserving  of  the  greatest  attention  is  the  fact  that  larvae 
hatching  within  a  month  from  the  eggs  also  died. 

It  is  also  recommended  that  reservoirs  also  be  treated  late 
in  autumn  for  the  purpose  of  destroying  wintering  larvae,  and  as 
an  insecticide  DDT  be  used  at  a  dose  of  l-l6  g  per  ha  of  water 
table. 

Davis  with  co-authors  used  for  aerial  spraying  a  5?  DOT 
solution  in  diesel  fuel  at  a  rate  of  5*7  i/ha.  Water  currents  were 
treated  in  200-meter  strips;  complete  destruction  of  larvae  ensued 
within  2  weeks.  An  analogous  period  of  larvae  destruction  was  also 
observed  as  a  result  of  the  application  of  50  g/ha  of  dleldrln; 
in  the  subsequent  4  weeks  there  was  a;' so  netted  the  destruction  of 
more  than  90%  of  the  larvae. 


During  recent  years  in  the  Soviet  Union  considerable  attention 
has  also  begun  to  be  allotted  to  the  study  of  the  effect  of  insecticides 
on  black  fly  larvae. 

Tests  conducted  under  the  conditions  of  brooks  and  small 
x’lvors  showed  that  for  successful  control  there  can  also  be  applied 
1."%  solar  oil  emulsions  of  DDT  and  hexachlorane.  Upon  mixing  with 
water  the  emulsions  spread  over  the  whole  area  and  are  In  very 
insignificant  amounts:  at  a  ratio  of  1:1,000,000  and  even  less 
the  destruction  of  larvae  was  attained  with  an  exposure  of  20-25 
minutes;  larval  death  was  noted  16  km  downstream  on  the  6th  day. 

S.  G.  Grebel’skly  in  the  region  of  the  Bratsk  hydroelectric 
power  plant  used  an  aircraft  with  a  sprayer  for  treating  the 
Angara  River.  Within  3-6  days  into  the  river  on  a  section  of 
75-80  km  there  was  poured  about  2  t  of  20-25t  DDT  emulsion.  The 
effect  was  good  -  at  a  distance  of  10-15  km  larvae  died;  however, 
in  view  of  the  high  costs  of  this  method  it  had  to  be  abandoned. 


L.  V.  Timofeyeva  with  co-authors  on  the  Yenlsey  and  Angara 
Rivera  applied  25$  standard  DDT  emulsion,  feeding  it  into  the  river 
;it  a  rate  of  O.138,  0.25,  0.27,  0.45,  0.51,  O.89  parts  of  DDT 

a 

per  m*'  of  water.  With  in  exposure  of  30  minutes  there  was  obtained 
an  absolute  effect  at  a  distance  of  up  to  70  km  at  the  first 
dilution  and  up  to  150  km  at  all  the  others. 

Combatting  mature  black  flies.  After  black  flies  hatch  they 
congregate  in  shore  vegetation.  Thus  in  treating  a  broad  zone  of 
vegetation  with  insecticides  there  can  be  observed  a  reduction  in 
their  number.  In  y^ars  with  a  small  number  of  black  flies  spraying 
vegetation  with  an  aqueous  emulsion  of  DDT  at  a  dose  of  10-16  kg/ha 
Is  accompanied  by  thdr  sharp  reduction  -  by  3-10  times. 

However  to  outaln  any  prolonged  effect  with  a  large  number  of 
black  flies  by  this  method  is  not  possible  —  after  several  hours 
there  number  is  restored  due  to  those  flying  in  from  other  areas. 

More  effective  in  combatting  black  flies  was  the  method  of 
applying  aerosols.  In  Byelorussia  20-mlnute  smoking  of  vegetation 
with  NBK-0-17  smoke  pots  (a  doze  of  23.3  ml  of  active  substances 
per  ra^)  protects  cattle  and  people  from  black  fly  attacks  for  up 
to  9  days.  In  a  region  with  a  large  number  of  insects  (eastern 
Siberia)  treating  forest  sections  with  NBK-G-17  smoke  pots  gives 
good,  but  short-tenn  results.  Therefore  it  is  recommended  that  this 
be  combined  with  other  methods. 

For  protecting  the  builders  of  the  Bratsh  hydroelectric  power 
plant  S.  0.  Qrebel'skly  for  a  number  of  years  used  aerosols  produced 
by  generators. 

With  the  beginning  of  black  fly  flight  the  whole  construction 
site  was  systematically  smoked.  The  number  of  black  flies  decreased 
by  75-lOOS.  With  the  help  of  massive  treatments  a  huge  territory 
was  liberated  from  black  flies  for  a  period  of  up  to  10  days. 


According  to  the  materials  or  foreign  authors,  the  creation  of 
protective  barriers  by  spraying  insecticides  on  a  limited  territory 
produces  a  noticeable  reduction  In  the  number  of  black  flies. 


For  achieving  a  stable  effect  -  sanitizing  the  area  against 
black  files,  both  foreign  and  domestic  scientists  came  to  the 
conclusion  that  only  a  complex  of  measures  -  the  destruction  of  water 
and  mature  stages  -  can  provide  this. 


Methods  and  Agents  for  the  Individual 
Protection  ot  People 


During  a  stay  In  natural  conditions  man  Is  subjected  to  acutely 
painful  attacks  by  blood-sucking  black  flies.  The  simplest  method 
of  protecting  against  black  fly  attacks  are  mechanical  means: 
wearing  coveralls  of  closely  woven  fabric,  mosquito  cowls  (mosquito 
netting),  thick  gloves,  thick  stockings,  puttees  or  boots,  fitting 
tightly  to  the  legs. 

However,  even  such  "wrappings"  during  the  period  of  the  most 
Intensive  black  fly  activity  rarely  provides  salvation  -  they 
actively  force  their  way  Into  the  smallest  apertures  In  clothing. 

To  this  It  is  necessary  to  add  that  with  such  shielding  It  Is 
extremely  difficult  to  work  during  hot  suiraner  days. 


For  protection  against  black  fly  attacks  man  resorted  a  long 
time  ago  to  various  fragrant,  repellent  agents:  clove  oil,  lavender, 
peppermint,  burdock  oils,  birch  juice,  tar,  kerosene,  creolln  and 
others. 


During  the  period  1951-1952  on  the  Kola  Peninsula  In  the  Karelia 
was  the  antibite  action  of  dlmethylphthalate  (DMP)  was  tested  with 
lespect  to  black  flies.  Netting  Impregnated  with  phthalate  jellies 
protect  for  the  course  of  a  whole  season  (from  22  June  until  the 
beginning  of  September). 
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The  protective  effect  Is  so  great  that  the  labor  productivity 
of  the  workers  Is  Increased  by  2-3  times. 

Smearing  the  exposed  parts  of  the  body  with  a  DMP  solution 
glVi«8  protection  for  1-3  hours.  When  applied  to  the  skin  the 
prot(>ctlve  effect  of  the  ointment  lasts  i|-7  hours. 

Along  with  DMP,  A.  V.  Maslov  tested  a  whole  series  of  benzoic 
aelds,  terponlol,  kluzol,  repudin  and  others  both  In  tne  form  of 
solutions  and  In  the  form  of  creams.  The  author  notes  that  the 
antlblte  properties  of  the  preparations  were  very  good.  However, 
the  black  flies  do  not  fly  very  far  away  from  the  person,  but  keep 
flying  near  his  face;  flashing  before  the  eyes  they  impede  normal 
vision  "white  light"  and  sharply  lower  the  work  capacity. 

Ye.  Kh.  Zolotarev,  V.  M.  Saf’uanova  and  T.  V.  Kalakutskaya 

tested  kluzol  In  the  middle  belt:  Ye.  N.  Pavlovskiy  netting  was 

Impregnated  with  the  repellent  at  a  rate  of  5,  10  and  20  g  of  the 

2 

pure  preparation  per  m  . 

V.  M,  Saf'yanova  also  tested  the  protective  action  of  suits 
impregnated  with  the  preparation,  expending  on  one  set  of  clothing 
100  mt  of  pure  preparation. 

Clothing  Impregnated  with  kluzol  preserve  its  repellent 
properties  for  3-^  months. 

t 

N.  Vlolovlch  tested  the  effect  of  dlethyltoluamlde  In 
western  Siberia.  A  20%  solution  of  the  preparation  was  appl-'ed  to 
the  skin.  The  antlblte  action  lasted  8  hours  and  more. 

We  (M,  L.  Pedder,  E.  B.  Kerbabayev,  A.  N.  Alekseyev)  In  the 
summer  of  1961  In  the  Nlzhme  Illmsk  district  of  the  Irkutsk  Oblast 
tested  dlethyltoluamlde  (DETA),  kluzol,  benzlmln.  DMP  was  used  as 
a  standard.  These  preparations  were  used  to  Impregnate  black  cotton 


coveralls  and  standard  Ye.  N.  Pavlovskiy  netting.  Impregnation  was 
carried  out  with  the  help  of  an  automatic  sprayer  with  an  acetone 
solution  of  the  tested  preparations  at  a  rate  of  200  mt  of  preparation 
per  set  of  coveralls  and  20  ml  per  piece  of  netting.  For  soaking 
coveralls  1000  mt  were  used  and  for  netting  100  mt  of  a  20Jt 
solution.  The  tests  were  conducted  at  an  average  temperature  of 
21°  and  a  relative  humidity  of  79?. 

A  testing  of  the  protective  effect  of  the  suits  was  conducted 
every  5”6  days  and  showed  that  moistening  and  treating  give 
approximately  Identical  results. 

The  best  Indices  of  the  coefficient  of  protective  effect  (CPE) 
were  obtained  In  testing  kluzol  (96?),  diethyl toluamide  (92.3?). 

D^IP  protected  91. 3? »  and  benzlraln  84$.  After  a  year  a  test  was 
conducted  of  tne  protective  effect  of  these  suits.  The  latter  had 
been  stored  all  winter  packed  in  oilcloth  sacks.  In  testing  the 
suits  treated  with  kluzol  gave  coefficients  of  protective  effect 
of  68$,  and  with  dlethyltoluamlde  43$. 

It  Is  necessary  to  note  that  even  the  Impregnation  of  all 
clothing  does  not  protect  the  hands  from  bites. 

Black  flies  do  not  bite  only  those  parts  ci  body,  which  are 
covered  with  fabric,  even  though  It  is  tulle.  For  protecting  the 
face,  neck,  and  head  along  with  Ye.  M.  Pavlovskiy  netting  we  tested 
black  tulle  cowls.  The  experiments  showed  that  tulle  cowls 
Impregnated  with  kluzol  and  dlethyltoluamlde  reliably  protect  the 
head  and  face  from  black  flies  for  the  whole  season.  In  annlylng 
the  preparations  to  the  skin  Jrresnectlve  of  the  form  of  anollcatlon 
(solutions,  lotions,  ointments,  etc.)  and  concentration  it  was  not 
possible  to  obtain  complete  protection  even  for  a  very  short  period: 
black  flies  flash  before  the  eyes,  stick  to  the  skin  of  the  face, 
get  In  the  eyes  and  mouth. 
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In  the  suminej?  of  1962  work  on  the  study  of  the  orotectlve 
effect  of  diethyltoluamide  was  continued.  For  Impregnating  clothing 
a  50SJ  solution  of  the  preparation  was  tested.  During  the  period 
of  the  tests  the  weather  was  very  dry  and  hot  with  daytime  temperatures 
of  25-30®. 

Treating  one  suit  with  an  automatic  sprayer  with  a  pressure  of 
2  atm  lasted  15  seconds.  For  treating  a  complete  set  of  clothing 
(trousers,  shirt,  coveralls)  300-^100  mi  of  50t  DETA  solution  Is 
required. 

Clothing  treated  by  the  spray  method  protects  from  black  fly 
bites  under  very  not  summer  conditions  for  a  month. 

In  irlivldual  protection  the  color  of  the  fabric  from  which 
the  clothing  served  Is  very  Important.  We  noted  that  peoole 
dressed  In  white  and  especially  In  green  (khaki  colored)  clothing 
were  subjected  to  considerably  fewer  black  fly  attacks  than  people 
dressed  In  black  (dark)  clothing.  Thus,  black  color  attracts 
8-9  times  more  black  flies  than  white  and  green  colors.  If  one 
were  to  calculate  the  protective  effect  of  green  and  white  colors 
with  respect  to  black,  then  for  the  first  It  was  equal  to  90?,  and  for 
the  second  84?. 

consequently,  only  due  to  a  change  in  the  color  of  a  suit 
It  is  possible  to  obtain  a  sharp  reduction  In  the  number  of 
attacking  black  flies. 

For  protecting  small  groups  o'  peoole  from  black  fly  (and  other 
types  of  blood-sucking  flies)  attacks  It  Is  necessary  to  screen 
the  windows  and  doors  of  dwellings  with  fabric  (tulle)  netting, 
curtains,  pretreated  with  repellents. 

When  using  tents  for  living  quarters  It  Is  nev^essary  to  snray 
their  external  walls  with  repellent  mixtures  to  a  height  of  0.5  m 
from  the  ground,  both  flaps  of  the  entrance  and  all  round  the  viewing 
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ventilation)  apertures.  The  spraying  is  carried  out  at  a  rate  of 
20  ml  of  solu  Ion  per  m  .  In  proportion  to  the  reduction  of  the 
repellent  effect  of  the  preparations  It  la  necessary  to  repeat 
the  treatment  (spraying,  wetting).  Thus,  when  treating  with 
dlmethylphthalate  spraying  should  be  repeated  within  ^-5  days,  in 
treating  with  dlethyltoluamlde  within  25-^0-60  days. 

N.  L.  Slmbirtsev  used  ''piotectlve  domes"  In  eastern  Siberia 
for  protecting  animals.  Parachutes  used  In  transport  aviation 

p 

(with  an  area  up  to  50  m  )  were  moistened  by  a  hand-sprayer  with 
a  10)J  emulsion  of  chlorinated  phenol  ethers  (CPR)  and  stretched 
above  the  ground  in  the  form  of  a  dome  with  a  height  of  up  to  170  cm. 
In  treating  one  parachute  10  i  of  emulsion  are  expended. 

These  umbrella-domes  reliably  protected  animals  from  black 
fly  attacks,  horseflies  and  other  types  of  blood-sucking  flies 
for  10  days. 

Similar  protective  umbrellas  can  also  be  used  for  protecting 
people:  places  are  set  up  under  them  for  resting,  eating  and  even 
for  spending  the  night. 
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CHAPTER  XXIX 


ANTS  AND  THEIR  CONTROL 

Ants  belong  to  the  order  of  membranous-wings  (Hymenootera) , 
to  the  class  of  insects  of  the  arthropod  type,  to  the  family 
Pormicldae;  the  ant  family  consists  of  5  subfamilies  (3^0  genera, 
6000  species). 

Ants  live  in  large  families,  frequently  numbering  tens  and 
hundreds  of  thousands  of  individuals.  Polymorphism  is  well 
developed  among  ants,  l.e.,  the  presence  of  different  groups  of 
individuals  —  females,  males  and  workers  (Pig.  26),  The  males 
and  females  are  winged,  while  the  workers  are  wingless.  In  a 
specific  season  in  a  family  males  and  females  hatch.  Upon  achieving 
sexual  maturity  they  fiy  out  of  the  nest  and  mate  in  the  air. 

After  mating  the  males  quickly  die  and  the  females  shed  their 
wings  and  establish  new  nests.  The  young  female  oviposits  and 
rears  the  first  group  of  workers  herself;  subsequently  the  worker 
ants  take  care  of  the  offspring.  Females  can  live  about  15  years; 
the  life  of  the  males  is  considerably  shorter.  Females  and  worker 
ants  emerge  from  identical  fertilized  eggs,  but  in  the  larval 
phase  they  obtain  different  food  both  with  respect  to  quantity  and, 
possibly,  with  respect  to  quality. 

The  larvae  of  working  ants  are  not  as  well  fed,  in  consequence 
of  which  their  sexual  organs  do  not  develop  sufficiently.  Forking 
Individuals  are  underdeveloped  individuals.  In  certain  species 
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of  ants,  besides  the  usual  workers,  there  are  individuals  with 
very  large  heads  and  large  Jaws,  which  are  called  soldiers.  Their 
duty  is  to  protect  the  nest. 


O 


Fig.  26.  The  red  house  ant, 
female;  3  -  worker. 


1  —  male;  2  - 


Certain  species  of  ants  have  very  well  developed  stingers  and 
can  sting.  Thus,  for  example,  tropical  ants  can  attack  man  and 
animals,  and  the  bites  of  certain  of  them  are  very  poisonous.  In 
other  ants  the  stingers  is  reduced  in  size;  they  eject  a  caustic 
liquid  containing  formic  acid. 


The  majority  of  species  lives  in  open  habitats,  a  portion  of 
them  live  near  houses,  and  certain  species  are  adapted  to  permanent 
living  inside  buildings. 

In  dwellings  mainly  four  species  of  ants  are  encountered: 
the  red  house  ant  (Monomorlum  pharaonls)  the  garden  [corn-field] 
ant  (Laslus  Niger,  Laslus  allenus),  the  red-chested  carpenter 
[wood-borer]  ant  (Camponotus  herculcanus) . 
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The  red  house  ant  makes  its  nests  in  heated  premises,  the 
garden  ant  makes  its  nests  outside,  the  Laslus  allenus  ant  settles 
both  outside  and  inside.  In  nature  the  red  house  ant  Is  encountered 
Jn  the  tropica,  from  where  more  than  100  years  ago  it  was  brought 
into  port  cities  in  ships,  thus  this  species  of  ant  is  somotlmes 
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called  the  ship  ant.  Prom  port  cities  the  red  house  ant  was  spread 
to  other  populated  points;  at  present  it  is  encountered  in  many 
cities  of  our  country.  They  live  in  families,  in  each  of  which 
there  are  females,  males  and  worker  ants.  The  reproduction  of  ants 
takes  place  in  the  following  manner:  the  females  lay  whitish 
eggs  with  an  ellipsoid  shape;  the  worker  ants  protect  them  and 
care  for  them.  The  hatching  larvae  are  whitish  in  color  and  are 
legless;  the  anterior  section  of  the  larva  is  thinner  than  the 
posterior  and  somewhat  bent  in  shape.  The  larvae  are  nursed  by 
the  worker  ants;  the  workers  feed  and  protect  them  from  any 
eventuality,  carrying  them  from  place  to  place  with  the  setting  up 
of  a  new  nest.  The  time  of  development  of  the  larva  depends  on 
external  conditions  -  temperature  and  abundance  of  food.  The 
development  from  the  egg  to  the  adult  Insect  lasts  36-39  days  (for 
sexual  individuals  it  is  3  days  longer). 

Red  house  ants  are  very  small  in  size.  The  worker  ants  have 
a  goldish-yellow  color;  in  the  female  the  posterior  part  of  the 
abdomen  la  dark;  the  male  la  almost  black;  the  length  of  the  female 
body  is  3.5-5  mm;  the  male  is  2.8-3  mm,  the  workers  1.75-2.5  mm 
(the  weight  of  each  individual  is  approximately  0.06  mg  or  17,000 
individuals  weigh  1  g).  The  ant  has  three  distinctly  separate 
body  sections:  the  head,  thorax  and  abdomen. 

The  red  house  ant  lives  in  dwellings,  various  medical  establish¬ 
ments,  food-producing  factories,  stores,  storehouses  and  other 
places.  They  make  their  nests  in  cracks  in  plaster,  under  floors, 
in  partitions,  between  a  wall  and  the  baseboard,  under  window  sills 
and,  finally,  even  in  canned  food  Jars,  cabinets,  rags.  Red  house 
ants  prefer  to  set  up  their  nests  in  premises  with  high  temperature 
and  humidity  (laundries,  washing  and  bathrooms,  restrooms,  kitchens, 
food  enterprises). 

Ants  live  in  families:  individual  families  can  number  more  than 
a  million  Individuals,  and  the  number  of  queen  ants  in  such  families 
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can  reach  200  individuals.  The  annual  increase  of  such  colonies 
can  amount  to  30,000  Individuals.  Prom  a  family  there  will  separate 
now  colonies  which  mlji^rate  to  other  places,  sometimes  to  adjacent 
premises.  In  this  way  they  colonize  individual  homes  and  sections 
of  a  city. 

Red  house  ants  are  omnivorous.  They  feed  on  meat,  flour 
products,  sugary  and  other  substances,  are  able  to  remain  without 
food  and  water  for  3  days;  on  the  ^th  day  ha3f  of  them  die,  and  on 
the  5th  only  separate  individuals  remain  alive.  Insects  are  the 
favorite  food  of  the  red  house  ant  (dead  flies,  cockroaches,  wasps 
and  others). 

They  use  any  food,  on  which  man  feeds,  except  oil;  they  prefer 
beef  over  pork;  liver,  apparently,  is  a  most  attractive  bait  (it 
can  attract  females).  They  are  attracted  to  sugary  products, 
flour  and  other  substances;  getting  into  food  products,  ants  make 
them  unfit  for  human  consumption.  The  allva  and  skin  secretions 
of  man  strongly  attract  them,  special  danger  threatens  breast 
babies  having  wounds  on  the  head  and  suppurations. 

Red  house  ants  harrass  people,  especially  little  children 
and  those  seriously  ill;  they  can  consume  pus,  sputum,  and  corpses 
in  mortuaries.  Due  to  the  fact  that  they  also  crawl  in  on  and 
over  Infected  matter  (used  dressing  material  and  others),  excretions, 
sewage,  they  can  mechanically  transmit  various  micro-organisms, 
as  for  example,  the  pathogenic  agents  of  typhoid  fever,  dysentery, 
plague  and,  possibly,  anthrax. 

Red  house  ants  at  a  temperature  lower  than  2®  go  into  a  state 
of  anabiosis. 

Measures  for  combatting  ants.  In  combatting  red  house 
ants  various  insecticides  are  used:  fumigants,  preparations  of 
intestinal  and  contact  action.  Combatting  ants  in  human  dwellings 
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Is  fraught  with  extraordinary  difficulties.  It  Is  especially 
difficult  to  combat  them  in  rnultlstorled  and  multiapartment  buildings. 
Before  carrying  out  control  measures  It  Is  necessary  to  look  for 
and  destroy  their  nests. 

Inside  premises  In  those  cases,  when  It  Is  not  possible  to 
find  the  nests  or  when  they  are  located  In  inaccessible  places 
(between  the  floors  and  ceilings  of  different  apartments,  etc.), 
palliative  measures  are  taken:  all  visible  cracks  are  flJ.led  In, 
and  the  ants  are  destroyed  with  poisoned  baits.  The  best  measure 
in  such  cases  is  the  use  of  gases.  But  in  a  multlaoartment  buildlnp: 
it  is  doubtful  whether  it  Is  possible  to  use  the  gas  method,  esr acially 
when  all  the  apartments  are  infested,  because  it  Is  Impossible  to 
simultaneously  move  out  all  the  tenants,  and  treating  the  individual 
apartments  one  after  the  other  does  not  give  a  sufficient  effect. 
Treatment  with  disinfecting  powders,  emulsions,  and  solutions  of 
DDT,  hexachlorane,  and  chlorophos,  as  a  rule,  temporarily  disinfests 
the  treated  premises  due  to  the  repellent  effect  of  these  preparations. 

The  DDT  and  hexachlorane  have  a  toxic  effect  on  ants:  under 
laboratory  conditions  ants  coming  In  contact  for  a  period  of  one 
minute  with  surfaces  treated  (at  a  rate  of  2-2.5  g  of  pure  preparation 
per  m  )  with  a  lOJ  disinfecting  powder  or  a  5/5  emulsion  of  DDT 
died  within  3-5  hours.  But  under  practical  conditions  for  partial 
treatment  of  the  surface  DDT  and  hexachlorane  preparations  cannot 
be  applied,  because  the  ants  sense  the  presence  of  these  Insecticides 
on  the  surfaces  and  avoid  these  surfaces.  This  was  also  confirmed 
by  laboratory  experiments:  If  half  of  the  bottom  of  a  glass 
beaker  la  treated  with  DDT  or  hexachlorane  disinfecting  powder  and 
a  test  tube  with  sausage  is  placed  on  the  treated  surface,  the  ants 
do  not  pass  through  the  disinfecting  powder  to  get  to  the  sausage, 
but,  on  the  contrary,  try  to  keep  as  far  away  from  the  preparation 
as  possible. 

Hexachlorane  is  more  effective  against  ants  than  DDT.  After 
one  minute  and  more  of  short  contact  of  ants  with  a  65  disinfecting 
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powder  of  hexachlorane  in  some  of  the  Insects  within  3-5  minutes 
tnere  are  observed  the  first  symptoms  of  paralysis ^  and  after 
30-i)0  minutes  In  all  the  Insects  there  appears  profound  paralysis. 

With  the  solid  treatment  of  walls  and  floors  with  PDT  or 
hexachlorane  preparations  ants  for  the  most  part  die,  and  the  others 
abandon  the  premises;  but  as  soon  as  the  preparations  applied  to 
the  surface  lose  their  effectiveness  the  ants  reappear  (L.  I. 
Yevreinova) . 

In  those  cases,  when  the  number  of  ants  in  apartments  is  small, 

it  is  possible  to  apply  (around  the  places  where  they  come  out) 

pencils  of  hexachlorane  at  a  rate  of  2  fr  of  pure  preparation  per 
2 

m  ;  other  Insecticides  also  have  considerable  effectiveness. 

Pyrethaum  in  toxicity  Is  stronger  than  DDT  and  hexachlorana. 
Thus,  for  example,  contact  for  a  minute  with  a  surface  treated 
with  pyrethrum  powder  causes  paralysis  In  ants  within  3-5  minutes, 
and  then  their  death.  Pyrethrum  possesses  less  expressed  repellent 
properties  than  DDT  and  hexachlorane,  and  ants  bypass  surfaces 
covered  with  this  preparation  for  2  days  after  treatment,  and  then 
stop  avoiding  them,  pass  through  them  and  die.  Pleaclde  and 
pyrethol  (an  alcohol  extract  of  pyrethrum)  possess  the  same 
Insecticidal  properties,  as  pyrethrum  powder.  The  application  of 
DDT,  hexachlorane,  chloronhos  and  other  contact  Insecticides  for 
the  most  part  extends  the  disinfestation  period  of  premises. 

Poisoned  baits  are  a  i  -isle  means  of  combatting  ants.  3alts 
are  effective  in  combatting  all  species  of  ants  encountered  In 
premises . 


The  application  of  poisoned  baits  Is  based  on  the  one  hand, 
on  the  principle  of  destroying  the  worker  ants,  which  leads  to 
the  cessation  of  the  food  supply  the  care  of  the  nest  with  the 
subsequent  destruction  of  all  the  ants  In  It.  On  the  other  hand. 
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with  the  use  of  poisoned  baits  it  Is  assumed  that  the  worker  ants 
can  carry  the  baits  to  the  nest  and,  by  feeding  It  to  the  larvae, 
the  young  individuals  and  females  their  death  will  ensue. 

Balts  are  prepared  according  to  the  following  formula.  Per 
liter  of  water  there  is  taken  one  of  the  following  insecticides: 
borax  30-35  g,  sodium  fluoslllcate  5  g,  sodium  fluoride  5  g  (the 
insecticide  must  be  applied  in  its  chemically  pure  form),  sugar 
400  g,  honey  100  g,  vanilla  essence  1  m£  or  pear  essence  1.5  mi. 

According  to  L.  I.  Yevreinova  and  L.  I.  Brlkman,  ants  prefer 
baits  with  a  large  concentration  of  sugar  (40-60!?)  and  plus  10^ 
honey.  Ants  go  less  readily  to  baits  containing  55?  honey. 

According  to  effectiveness  of  action  borax  can  be  put  in 
first  place  and  then  sodium  fluoslllcate  and  fluoride. 

To  liquid  baits  to  protect  them  from  decay  it  Is  recommended 
that  glycerine  be  added;  such  baits  can  be  stored  for  several 
months,  but  without  glycerine  for  not  more  than  3  weeks.  Therefore 
it  is  necessary  to  replace  the  baits  not  less  frequently  than  once 
every  3  weeks. 

According  to  L.  I.  Brlkman,  T.  L.  Potsheba  with  co-authors, 
baits  with  the  following  composition  are  effective:  1)  borax 
3.5!?,  glycerine  20f,  sugar  385?,  honey  7«i  water  31.5!?;  2)  borax 
3.5!?,  sugar  P5f,  honey  7!?,  water  63.55?  (more  effective  than  with 
glycerine);  3)  sodium  fluoride  0.3!?,  water  66.75?,  sugar  26l?, 
honey  75?. 

For  preparing  baits  the  insecticide  is  completely  dissolved 
in  hot  water,  sugar  is  added  and  the  solution  is  heated  to  boiling 
with  constant  mixing  to  avoid  caramellzatlon  of  the  sugar.  Honey 
is  added  to  the  hot  solution,  and  essence  -  to  the  cooled  solution. 
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The  bait  la  cooked  In  a  clean  enamel  dish  specially  made  for 
this  purpose.  It  is  desirable  to  store  the  solution  in  a  cool 
place  under  lock  and  key,  in  premises  without  extraneous  odors. 

On  the  dish  with  the  solution  there  should  be  a  label  showing 
the  formula. 

Poisoned  baits  with  borax  are  poured:  into  flasks  (for 

penicillin)  to  a  height  of  2  cm  (6  ml),  into  a  glass  to  a  height 

of  1  cm  (35  mt),  into  test  tubes  3-^  mt  of  solution.  Por  poisoned 

bait  with  sodium  fluoride  and  fluoslllcate  there  are  used  only 

penicillin  flasks,  filling  them  to  a  height  of  1  cm  (2.5  mJ). 

The  flasks  are  placed  in  a  tilted  position  in  places  most  frequently 

2 

visited  by  ants  at  a  rate  of  one  test  tube  per  2-4  m  .  In  a 
number  of  cases  It  is  expedient  to  hang  up  the  packing  with  the 
bait.  In  enterprises  and  establishments  it  is  better  to  use 
unbreaicable  packing. 

Toxic  preparations  (arsenic  compounds,  borax,  sodium  fluoride, 
thallium  sulfate)  are  mixed  with  food  substances,  which  insects 
eat  readily.  All  strong  preparations  (arsenic  and  thallium  sulfate) 
are  applied  at  a  concentration  of  from  0.1  to  4)5.  Because  of 
their  toxicity  they  cannot  ''e  recommended  for  broad  application  In 
combatting  ants,  thus  their  use  Is  permissible  only  In  those  nlaces, 
where  the  preparations  cannot  get  into  the  food  of  animals. 

The  composition  of  baits  with  arsenic  Is  as  follows;  1) 
equal  amounts  by  weight  of  sugar  and  water  with  the  addition  of 
v/hite  arsenic  at  a  rate  of  0.1.?5“0.?50  g  per  120  g  of  sugar  syrup; 

2)  water  1  t,  tartaric  acid  2  g,  sodium  bezoate  2  r,  sugar  850  g, 
honey  150  g,  sodium  arsenide  40  g. 

Sponges  are  impregnated  with  bait  with  thallium  sulfate;  the 
sponges  are  placed  on  plates  or  simply  dumped  into  small  nlates, 
saucers,  paten  or  Petri  dishes  covered  with  lids  with  openings. 
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In  combatting  ants  meat  baits  are  also  used.  For  preparing 
such  baits  100  g  of  meat  or  sausage  meat  is  taken,  thorougly 
mixed  with  10  g  of  finely  ground  borax.  The  baits  are  placed  in 
patens,  saucers  at  a  rate  of  1-2  tablespoons  (30  g),  etc.  / 

Also  used  are  dry  baits  containing  50;?  sugar  and  30%  of  one 
of  the  insecticides:  sodium  fluoride  or  fluoslllcate,  barium 
chloride,  borax,  potash  (it  is  possible  to  take  somewhat  more  or 
less  of  one  or  another  insecticide);  dry  baits  are  less  effective 
than  liquid  baits. 

In  dwellings,  in  medical  and  children’s  institutions,  stores, 
in  cupboards  and  dining  rooms,  where  both  carbohydrate  and  protein 
food  are  readily  accessible  to  ants,  mal  .ly  sweet  poisoned  baits 
are  distributed;  they  are  changed  every  ‘T-IO  days;  in  bakeries, 
confectioneries  and  other  places,  where  carbohydrate  products 
predominate  —  meat  bait.  A  good  effect  is  attained  with  the 
simultaneous  use  of  meat  and  sweet  bait. 

With  the  systematic  use  of  poisoned  baits  for  2-2^  months  it 
is  possible  to  attain  the  complete  destruction  of  ants.  With  the 
distribution  of  baits  every  25  days  premises  are  disinfested  within 
7  months,  whereas  with  an  interval  of  33-^*5  days  for  this  about 
li»  months  are  required. 

To  reduce  the  period  of  combatting  ants  in  places  most  frequently 
visited  by  them,  for  1-2  days  food  baits  are  scattered  -  nieces 
of  fish,  meat,  egg  yolk,  etc.,  creating  so-called  bait  sites. 
Subsequently  poisoned  baits  are  placed  at  these  sites. 

Mechanical  measures  for  protecting  against  ants  consist  of 
the  following.  The  legs  of  tables  or  beds  are  placed  in  vessels 
filled  with  water,  kerosene  and  other  liquids.  The  liquids  in 
these  vessels  must  be  periodically  changed  to  prevent  the  formation 
of  a  film  of  dust  over  which  the  ants  can  easily  crawl. 
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It  has  been  established  by  laboratory  investigations  that 
dimethylphthalate,  dlethyltoluamide,  diethylphthalate,  diethyladlpate, 
hexamlde  and  formyltetrahydro-quinoline  have  a  prolonged  repellent 
effect  on  red  house  ants.  The  first  two  repellents  under  semi- 
industrial  conditions  provided  protection  for  products  against 
crawling  ants  for  3-4  weeks  (Table  44). 


Table  44.  The  comoosltion  and  standard  specifications  of  expenditure 
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of  poisoned  food  baits  per  m  of  floor  for  destroying  red  house  ants. 
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Determining  the  effectiveness  of  exterminating  measures.  To 
establish  the  degree  of  infestation  of  premises  (storehouses, 
institutions,  rooms,  apartments)  before  and  after  their  treatment 
with  insecticides  pieces  (1  g)  of  boiled  sausage  or  other  food 
products  most  preferred  by  ants  are  placed  in  open  chemical  test 
tubes  and  spread  about  the  premises  for  24  hours,  after  which  the 
test  tubes  with  the  ants  are  closed  with  a  cotton  nlug  (they  gnaw 
through  cork);  they  are  delivered  to  a  laboratory  and  counted: 
the  difference  in  the  number  of  insects  in  the  test  tubes  scattered 
about  before  and  after  treatment  determine  both  the  degree  of 
infestation  of  the  premises  and  also  the  effectiveness  of  the  work 
carried  out. 
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Garden  and  forest  ants  make  their  nests  in  the  earth,  under 
the  bark  of  stumps,  in  the  trunks  cf  trees,  under  stones,  in  the 
cracks  In  walls  and  buildings.  Outside  the  destruction  of  ant 
nests  Is  best  carried  out  In  the  evening,  when  the  Insewts  have 
congregated  In  the  nests,  A  nest  can  be  treated  with  DDT,  hexachlorane 
and  carbon  disulfide,  which  are  placed  in  a  cup  on  a  nest;  the 
cups  and  the  nest  are  covered  with  a  cover  pressed  to  the  earth. 

If  the  nest  can't  be  found,  but  the  place  where  the  ants  come  out 
can  oe,  then  it  is  possible  to  try  to  destroy  them  by  dusting  around 
the  assumed  nest  with  preparations  of  DDT,  hexachlorane,  nyrethrum 
and  others.  In  certain  cases  the  places  where  the  ants  come  out 
are  surrounded  with  sheets  of  sticky  paper.  The  nest  itself  is 
flooded  with  boiling  water,  kerosene,  alkali  solution,  and  carbon 
bisulfide. 


To  prevent  the  ants  from  crawling  into  premises  their  routes 
of  infiltration  are  found  and  treated  on  the  outside  with  insecticides. 


If  the  routes  of  ant  infiltration  into  premises  are  numerous, 
then  the  external  walls,  window  frames  and  a  band  of  the  plot 
(a  width  of  1  m)  around  the  house  are  treated  with  insecticides. 


o 
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CHAPTER  XXX 
PLIES  AND  THEIR  CONTROL 

The  Morphcloglco-Ecologlcal 
Characteristics  of  Flies 

Files  belong  to  the  suborder  of  brachycerous,  dipterous  Insects 
of  the  order  Dlptera  (two-wlnged) .  This  most  highly  organized 
suborder,  Dlptera,  Includes  about  70  families,  the  representatives 
of  which  are  widespread  all  over  the  earth. 

Files  pass  In  their  Individual  development  through  four  phases 
metamorphosis:  the  egg,  larva,  pupa,  and  adult  Insect. 

The  body  of  adult  files  Is  separate  into  three  sections  -  the 
head,  thorax  and  abdomen.  On  the  sides  of  the  head  are  located 
complex,  compound  eyes,  on  the  parieted  section  —  three  simple 
eyes.  On  the  anterior  surface  of  the  head  are  the  antennae  and 
oral  organs.  In  omnivorous  files  the  oral  organs  are  of  the 
licking-sucking  type,  the  proboscis  Is  soft,  retractable,  terminating 
with  massive  sucking  lobes.  The  surface  of  these  lobes  is  furrowed 
with  pseudotracheae  (chltlnous  tubules  open  to  the  outside), 
througi  which  liquid  food  Is  filtered  and  enters  the  oral  anerture. 

In  the  proboscis  are  an  oral  cavity  and  a  pharynx,  behind  which 
Is  situated  the  salivary  gland  duct. 

In  files  of  the  blood-sucking  species  the  oral  organs  arc 
of  the  piercing-sucking  type;  the  proboscis  Is  hard,  chltlnized, 
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protruding  sharply  forward;  Inside  arl 
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d  the  piercing  setae. 


The  thorax  of  the  fly  consists  of  three  basic  divisions  -  the 
pro-,  meso-  and  metathorax.  To  the  mesothorax  there  are  attached 
the  middle  pair  of  legs  and  the  wings.  The  front  and  rear  pairs 
of  legs  are  attached  to  the  pro-  and  metathorax,  the  halters  are 
situated  on  the  latter. 

On  the  sides  of  the  thorax  above  the  base  of  the  first  pair 
of  legs  are  located  the  prothoraclc  spiracles;  above  the  base  of 
the  rear  pair  of  legs  somewhat  to  the  rear  are  the  metathoraclc 
spiracles. 

The  upper  surface  of  the  thorax  Is  called  the  me.iodorsum;  the 
anterior  section  of  the  mesodorsum  usually  has  a  triangular  shape; 

It  Is  called  the  scutellum.  The  legs  of  flies  consist  of  the 
coxa  (attached  to  the  thorax),  the  trochanter,  the  femur,  the  tibia 
and  a  five-segment  tarsus.  On  the  latter  segment  there  Is  situated 
a  pair  of  claws,  under  which  are  sticky  suckers  -  the  pulvilll, 
thickly  covered  with  hairs.  Thanks  to  the  pulvilll  files  can  move 
along  vertical  surfaces. 

The  venation  In  files  of  various  groups  Is  different.  In 
determining  Individual  species  of  files  the  configuration  of  the 
medial  vein  (the  fourth  from  the  top,  the  longitudinal  vein),  In 
particular.  Is  Important. 

The  abdomen  of  the  higher  flies  consist  of  four  segments 
(rings);  its  latter  segments  form  the  genital  appendages  -  the 
copulative  organ  of  the  male  and  the  ovipositor  of  the  female. 

The  head,  thorax,  abdomen,  and  the  legs  of  files  on  the  outside 
are  usually  covered  with  bristles  and  hairs  (Kig.  27). 


Fli?.  27.  1  —  house  fly;  a)  medial  vein  of  the 

wing;  2  -  stable  fly:  a)  medial  vein  of  the 
wing;  h)  scutellum;  3  —  eggs  of  the  house  fly; 
^  -  egg  of  the  stable  fly;  5-6  —  larvae  of 
house  fly;  7-3  —  larvae  of  stable  fly;  9  — 
pupa  of  house  fly;  10-11  -  puparla  of  the 
house  fly;  12  -  head  of  a  house  fly;  15  — 
head  of  a  stable  fly. 


Majority  of  flies  art  oviparous.  There  are  also  viviparous 
species  of  flies  giving  birth  to  live  larvae  (for  example,  the  flies 
of  the  family  Sarcophagldae ,  many  species  of  tht  genus  Musca),  or 
prepupae  (the  family  Hlnpoboscldae  -  blood-suckers). 

Ply  eggs  are  whitish-gray  in  color,  sometimes  yellowish,  mainly 
oval-cylindrical  in  shape.  From  the  egg  stage  I  larvae  hatch;  they 
are  usually  worm-like  in  shape.  The  body  of  fly  larvae,  excluding 
the  head,  consists  of  13  segments.  The  larvae  move  with  the  help 
of  cralcller  prolegs  located  on  the  abdominal  segments  in  muscold 
species.  The  posterior  end  of  the  body  is  composed  of  the  8th  and 
9th  (displaced  on  the  lower  side  of  the  abdomen)  and  10th  abdominal 
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segments.  On  8th  abdominal  segment  in  the  larvae  of  muscold  flies 
are  the  posterior  spiracles,  around  which  Is  located  a  system  of 
ooneshaped  outgrowths,  the  maximum  number  of  which  attains  15. 

The  number,  configuration,  and  dimensions  of  the  outgrowths  vary 
for  larvae  of  different  groups  (L.  S.  Zimin). 

During  Its  development  the  larva  molts  3  times:  accordingly 
three  stages  of  the  larval  phase  are  distinguished.  In  stage  I 
larvae  the  first  pair  of  spiracles  Is  absent;  in  stage  II  and  III 
larvae  they  are  located  on  each  side  of  the  first  thoracic  segment. 

The  posterior  stage  I  and  II  larvae  have  two  posterior  splraclet- 
stage  III  larvae  have  three  splracular  slits,  the  shape  and  location 
of  which  vary  In  different  species  of  larvae. 

The  pupae  of  the  higher  flies  have  a  false  cocoon  (punarlum), 
formed  by  the  hardening  of  the  last  molted  skin  of  the  stage  III 
larvae. 

The  peculiarities  of  feeding  and  the  mode  of  life  of  flies 
are  distinguished  by  their  great  variety.  Many  species  of  flies 
are  known  which  live  In  natural  habitats  not  inhabited  by  man. 

Many  species  of  flies  are  synanthroplc^ ;  they  live  at  populated 
sites  connected  with  food  products,  human  excrement,  household 
waste  materials,  etc.  In  accordance  with  ecology  among  the 
peculiarities  of  larva  and  adult  fly  nutrition  of  synanthroplc  flies 
there  can  be  distinguished:  a)  obligate-synanthropic  species 
capable  of  multiplying  only  In  a  human  habitat,  mainly  In  accumulations 
of  waste  material,  In  particular  in  the  feces  and  urine  of  man  and 
also  In  human  excrement  scattered  over  the  surface  of  the  ground 
(for  example,  house,  blue  carrion,  market  flies);  b)  optlonal- 
synanthroplc  species  capable  of  multiplying  In  cultivated  and 
"wild"  habitats  In  Isolated  groups  and  also  In  accumulations  of 
waste  materials  (for  example,  house,  green-bottle  and  gray  flesh 
flies,  etc.)  (M.  N.  Sukhov).  Along  with  synanthroplc  files  In 
rural  populated  places,  especially  In  pastures  there  are  numerous 
flies  of  synbovlllc  [Translator's  Note:  symbiotic  or  synbovlne]* 
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species  connected  with  domestic  animals  and  their  excretions, 
frequently  leading  a  parasitic  mode  of  life.  The  making  of  the 
division  of  the  group  of  synbovillc  flies  was  proposed  by  Gregor 
and  Povolny.  * 

Of  great  epidemiological  significance  (as  carriers  of  infections 
and  human  infestators)  are  the  synonthroplc  species  of  flies  belonging 
to  the  family  Muscldae  (true  files  —  the  main  representatives  of 
this  family  -  house,  market  [musca  sorbens],  greater  house,  lesser 
house  flies,  etc.);  Calllphorldae  (bluebottle,  green  fleSh  flies); 
Sarcophagldae  (gray  flesh  flies). 

Among  the  synbovillc  species  of  flies  of  greatest  eplzootlologlcal 
significance  as  carriers  of  Infections  and  Infestators  of  domestic 
cattle  are  the  Individual  blood-sucking  (for  example,  stable  flies) 
and  blood-llcklng  species  belonging  to  the  family  of  true  flies. 

The  negative  role  of  gadflies  in  animal  husbandry  -  sheep  bot-, 
warrble,  horse  bot-,  and  also  individual  species  of  gray  flesh 
flies  (Wohlfahrtla  flies),  the  larvae  of  which  are  parasites  of 
domestic  animals,  and  sometimes  of  man  is  great. 

In  populated  places  usually  the  greatest  numbers  are  attained 
by  house  flies  (Musca  domestlca  L.).  The  house  fly  is  a  universally 
widespread  species,  represented  by  two  forms:  the  northerm  form 
(Musca  domestlca  domestlca  L.),  encountered  in  the  temperate  and 
northern  latitudes  and  the  southern  form  (Musca  oomestlca  vlclna 
Macq.)  widespread  in  the  USSR  In  Transcauscasla,  on  the  southern 
coast  of  the  Crimea,  In  the  Amur  Region,  and  in  Central  Asia  (L. 

S.  Zimin). 

The  general  body  color  of  the  house  fly  Is  grayish-brown.  The 
pronotum  has  four  narrow  brown  bands.  The  abdomen  underneath  and 
on  the  sides  is  yellow.  The  media  vein  is  curved  toward  the  leading 
edge  of  the  wing.  Its  dimensions  are  6-7.5  mm.  The  larvae  of 
the  stage  III  house  fly  is  yellowish-white  in  color,  brilliant 
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with  the  body  thickened  toward  the  posterior  end.  The  eighth 

abdominal  segment  is  around  the  rear  spiracles,  as  in  the  majority 

of  Muscidae  larvae  of  the  genera  Musca,  Muscina  and  several  others  — 

without  large  coneshaped  outgrowths;  the  spiracular  slits  frequently 

spiral  in  a  serpentine  manner  and  are  thin. 

% 

House  flies  are  an  endophllic  species.  They  fly  in  closed 
premises  and  live  in  them.  However,  especially  in  the  south, 
they  are  constantly  encountered  in  the  open  air  -  on  rubbish, 
excrements  and  other  waste  materials. 

Along  with  house  flies  at  populated  sites  there  also  occur 
numerous  lesser  house  flies  (genus  Fannia),  greater  house  flies 
(Muscina  stabulans  Plln).  In  the  south  of  Kazakhstan,  In  the  Central 
Asian  republics  and  Transcaucasus  there  are  encountered  market 
flies  (Musca  sorbens  Wd).  Of  the  synbovlllc  species  of  files 
attacking  man  In  rural  populated  places,  there  can  be  numerous 
blood-sucking  stable  flies  (Stomoxys  calcitrans  L.). 

Almost  universally  widespread  are  blue  spring  flies  (Protophormia 
terrae-novae  R.  D.),  green  flesh  flies  (genus  Lucllla,  in  particular 
Lucilla  serlcata  Mg.).  In  the  forest  and  forest-steppe  zones  of 
the  European  part  of  the  USSR,  and  of  Western  Siberia  there  are 
encountered  blue  carrion  flies  ~  Calliohora  uralensls  Vlll.  Every¬ 
where  in  the  temperate  climatic  belt  there  are  widespread,  but  raore 
abundant  in  the  southern  regions,  the  flies  of  the  family  Sarcophagldae , 
in  particular  Coprosarcophaga  haemorrholdalls  Plln.  (B.  B.  Rodendorf). 

The  Imagoes  of  all  species  of  flies  with  the  exception  of  the 
blood-sucking  stable  fly  are  omnivorous:  they  eat  the  food  of  man 
(especially  the  endophllic  house  fly),  and  also  the  excrements  of 
man  and  domestic  animals,  domestic  waste  materials,  etc.  Plies 
(house,  market)  are  also  attracted  by  perspiration,  purulent  excrement, 
human  blood.  Market  flies  intensively  attack  people,  landing  in 
the  eyes,  festering  wounds,  etc.,  feeding  in  their  excrement. 
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Durlnp:  one  sucklni;:  act  a  female  house  fly  can  absorb  up  to 
0.008  mt  of  liquid  food,  and  In  2^  hours  up  to  20  mp  of  food  (B. 

L.  Shura -Bura). 

House  files  are  able  to  feed  every  10-15  minutes,  until  their 
Intestines  are  filled  with  food.  They  feed  repeatedly  even  before  the 
end  of  digestion  of  food  In  the  Intestine.  Pood  consumed  by  a  fly 
goes  from  the  pharynx  Into  the  esophagus  and  from  the  latter  Into 
the  crop.  If  the  crop  of  a  fly  Is  overfilled,  then  the  Insect  Is 
observed  to  perform  something  like  the  belching  of  food. 

From  the  crop  the  food  enters  the  midcrop  usually  called  the 
stomach,  then  Into  the  hind-gut.  Files  defecate  every  5-15  minutes. 
The  release  of  excrement  and  belching  frequently  occur  when  they  are 
on  food  products. 

Of  great  Importance  for  the  viability  of  flies  is  temperature. 
The  lower  threshold  of  activity  of  the  imago  of  a  house  fly  (northern 
subspecies)  Is  about  9-10°;  normal  feeding  occurs  at  15° »  ovlposltion 
at  17-18®.  The  zone  of  optimum  temperatures  Is  within  the  limits 
of  from  25-26®  (V.  P.  Derbeneva-Ukhova) . 

House  flies  frequently  fly  back  and  forth  from  their  feeding 
and  ovlposltion  sites  in  the  open  air  (trash  cans,  latrines, 
manure  piles)  into  premises  and  conversely. 

Within  the  limits  of  populated  sites  house  flies  migrate  nalnly 
to  a  distance  of  up  to  200-300  m;  from  dumps  and  garbage  disposal 
sites  the  mass  dispersion  of  flies  is  possible  to  distances  of  up 
to  3-6  km  and  more  (A.  S.  Gorodetskiy). 

Under  laboratory  conditions  at  a  temperature  of  20-2^®  when 
fed  milk  and  carbohydrates  house,  market,  greater  house,  blue  soring 
flies  live  about  30-^<5  days.  Certain  authors  were  able  to  maintain 
a  house  fly  culture  up  to  121  days.  In  an  anablotlc  state  (at  a 
temperature  lower  than  7-8°)  flies  are  able  to  live  for  up  to 
5-6  months. 
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The  fertility  of  flies  varies;  it  is  lower  for  viviparous 
forms.  The  majority  of  oviparous  species  of  flies  is  distinguished 
by  their  great  fertility.  Thus,  female  house  flies  during  their 
life  can  oviposit  more  than  600  eggs;  female  C.  uralensls  -  over 
1200  eggs. 

The  development  of  synanthroplc  flies  occurs  In  putrescent  waste 
materials  of  diverse  origin,  which  are  for  the  fly  larvae  not  only 
the  source  of  food,  but  also  the  living  environment.  Consequently, 
the  larvae  of  individual  species  of  flies  are  adapted  to  existence 
under  the  specific  conditions  of  temperature,  humidity,  and  substratum, 
in  which  their  development  occurs.  Due  to  this  the  breeding  sites 
of  flies  can  be  very  diverse  and  depend  (taking  into  account  the 
specific  peculiarities  of  the  Insects)  on  the  climatic  conditions 
and  the  methods  emnloyed  at  a  given  site  for  collecting,  storing, 
and  neutralizing  of  various,  putrescent,  organic  waste  materials 
(M.  N.  Sukhova). 

House  fly  larvae  are  adapted  to  development  in  the  most  diverse 
substances.  Thus,  the  females  of  this  species  oviposit  in  accumula¬ 
tions  in  the  first  place  of  solid  waste  materials  (in  trash  cans 
and  in  dumps),  in  the  dung  of  domestic  animals,  vegetable  waste, 
etc.  Frequently,  especially  in  the  south,  house  fly  development 
occqrs  in  human  excrements  —  in  accessible  material  removed  from 
latrine  cesspools,  in  dumps,  in  drying  impurities  and  other  waste 
materials  with  a  degree  of  moisture  of  from  65  to  80)5,  but  not 
more.  The /pre Imagine 1  phases  of  the  house  fly  (especially  the  eggs 
and  larvae)  are  thermophilic.  At  a  temperature  of  20-30®  the  egg 
phase  lasts  respectively  from  25  to  10  hours,  the  larval  phase  from 
9  to  5  days,  the  pupa  phase  from  10  to  5  days.  The  shortest  periods 
of  metamorphosis  including  larval  development  of  about  3  days  vrere 
observefd  at  a  temperature  of  36°. 

In  trashcans,  in  rubbish  dumps,  in  meat  and  fish  waste  larvae 
also  develop,  in  the  first  place  blue  spring,  green  flesh,  greater 


house  flies,  etc.  The  larvae  of  these  species  are  more  aquaphlllc 
than  house  fly  larvae,  their  development  Is  possible  In  a  substrate 
with  a  degree  of  humidity  of  up  to  85-8?!?. 

It  Is  necessary  to  consider  that  everyday  household  rubbish 
when  It  Is  deposited  In  trashcans  and  open  pits  adapted  for  the 
.joint  collection  of  solid  waste  material  and  slop  Is  usually  one 
of  the  basic  sources  of  fly  breeding  at  populated  sites.  It  has 
been  calculated  that  In  regions  with  a  hot  climate  In  100  g  everyday 
household  rubbish  (calculated  according  to  air-dry  weight),  there 
can  develop  over  600  larvae  of  the  southern  house  fly;  In  regions 
with  a  temperate  climate  -  over  150  larvae  of  the  northern  subsnecles 
of  house  fly,  130  larvae  of  the  blue  spring  fly,  etc.  Tremendous 
numbers  of  house  flies  and  flies  of  exophlllc  species  can  also 
develop  in  dumps  where  everyday  household  rubbish  Is  deposited. 

Accumulations  of  manure,  especially  pig  and  horse  manure  are 
breeding  sites  not  only  of  house  flies,  but  also  of  greater  house 
flies,  and  individual  species  of  gray  flesh  flies.  In  cow  dung 
mixed  with  putrescent  plants  stable  fly  larvae  develop.  Accumulations 
of  bird  excrement,  in  particular  pigeon  droppings  (T.  0.  Teterovskaya) 
can  be  the  site  of  mass  development  of  flies  of  the  genus  Pannla. 

From  the  dung  of  domestic  cattle  there  hatch  mainly  synbovlllc 
pasture  species  of  flies,  many  of  which  are  blood-llcklng  or 
blood-sucking  (Lyperosla,  Haematobia  of  various  species,  ^usca 
autumnalis  Deg.,  etc.). 

Ply  larvae  are  usually  concentrated  In  the  surface  layers  of 
accumulations  of  solid  waste  material  to  a  thickness  of  PO-25-35 
cm.  In  those  cases,  when  In  the  accumulations  of  the  substrate  a 
high  temperature  (higher  than  40-l»U®),  develops  the  larvae  are 
In  the  very  surface  (colder)  layers  of  the  waste  material,  sometimes 
not  deeper  than  2-5  cm.  A  temperature  of  a  substrate  higher  than 
55-60®  Is  lethal  for  fly  larvae.  In  accumulations  of  solid  waste 
material.  In  which  a  high  temperature  does  not  develop,  the  fly 
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larvae  are  usually  situated  throughout  the  whole  thickness  of  the 
substrate  (A.  S.  Gorodetskiy,  M,  N.  Sukhova,  D.  I.  Grechko  and 
V.  P.  Morozova). 

A  significant  source  of  fly  breeding  at  populated  sites  where 
there  are  no  sewer  systems  can  also  be  human  excrement.  Thus, 
aquaphllic  larvae  of  blue  carrion  flies  can  be  developed  in 
accumulations  of  feces  in  latrines  with  the  humidity  of  the  substrate 
within  the  limits  of  from  76  to  9^?  “  with  an  optimum  close  to 
81l-89l.  The  development  of  the  less  aquaphllic  larvae  of  the 
greater  house,  the  lesser  house,  blue  flesh  flies  is  also  possible 
in  fecal  pits  of  latrines,  but  with  the  humidity  of  the  feces  not 
over  87-90J<;  finally,  with  the  humidity  of  the  excrement  not  more 
than  78-80$  in  fecal  pits  and  in  excrement  dumps  especially  In  the 
south,  along  with  the  larvae  o:  other  species  there  can  develop 
house  fly  larvae. 

In  accumulations  of  liquid  waste  material  (in  cesspools,  in 
dumps)  fly  larvae  are  usually  concentrated  in  the  surface,  oxygen- 
rlcher  layers  of  the  substrate. 

Human  excrement  strewn  over  the  soil  in  the  temperate  climatic 
belt  and  the  south  is  one  of  the  main  breeding  sites  of  grey  flesh 
flies  of  various  species,  in  the  southeastern  regions  -  of  the 
market  fly,  in  the  south  -  of  the  southern  house  fly. 

Depending  malnlv  on  the  temperature  of  the  living  environment 
the  development  of  fly  larvae  of  individual  species  terminates  in 
different  periods.  In  accumulations  of  solid  waste  material,  in 
which  with  putrefaction  a  temperature  develops  up  to  36-^2®  the 
development  of  house  fly  larvae  is  completed  in  3-^  days  and  at  a 
temperature  of  the  substratum  of  20-25°  within  7-9  days. 

In  the  fecal  pits  of  latrines,  where  the  temperature  of  the 
excrement  in  the  summer  time  in  the  temperate  climatic  zone  does 
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not  exceed  +19  and  +2^®  the  development  of  the  larvae  of  blue  carrion 
flies  and  house  flies  occurs  within  1^-7  days;  in  the  southern 
regions,  where  the  temperature  of  the  substrate  in  summer  reaches 
28-30°  the  development  of  fly  larvae  (house,  gray  flesh)  is  completed 
within  4-5  days. 

In  excrement  left  on  the  soil,  particularly  in  Central  Asia, 
with  the  temperature  of  the  feces  varying  during  the  day  from  20 
to  40°  the  development  of  fly’  larvae  is  completed  within  2-3 
days. 


Ply  larvae  (prepupae)  and  pupae  which  have  completed  their 
development  are  less  thermophilic  and  aquiphllic  than  the  larvae. 

The  prepupae  usually  migrate  from  the  waste  materials  into  the  soil, 
where  for  the  most  part  at  a  depth  of  up  to  6-10  cm  they  pupate. 

The  pupation  of  larvae  frequently  occu.'s  in  dried  sections  of  the 
waste  materia],  in  clumps  of  paper,  and  rags,  in  the  cracks  between 
boards,  in  the  recesses  between  bricks  of  receptacles  fpr  waste 
material,  etc.  Over  packed,  asphalted  soil  in  seeking  suitable 
sites  for  pupation  the  prepupae  can  craw]  a  distance  of  up  to 
3-6-10  m  and  more  from  the  waste  material 

In  the  temperate  climatic  zone  the  development  of  house  fly 
pupae  lasts  about  5-7  days,  of  the  blue  carrion  fly  —  about  7-10 
days. 


In  Central  Asia  the  development  of  the  pupae  of  house  and  market 
flies  is  completed  in  the  warm  season  within  4-5  days,  of  gray  flesh 
flies  -  within  5-6  days. 

Upon  emerging  from  the  puparla  the  cuticles  of  young  flies  are 
soft  and  unplgmented;  the  ptlllnum  protrudes,  the  wings  are  crumpled. 

Only  after  a  lapse  of  1^  to  2  hours  after  emerging  from  the 
puparlum  does  the  fly  acquire  the  ability  to  fly.  Young  flies 
having  hatched  from  the  puparla  can  crawl  distances  of  up  to  50-70 
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cm  upwards  over  loosened  soil.  Whereas  to  get  over  layers  of 
tamped  earth  (with  a  thickness  of  more  than  10  cm)  they  are  not 
able  (Ye.  S.  Smirnov). 

The  development  of  ovaries  in  the  females  of  the  majority 
of  synanthroplc  species  of  flies  at  an  aix*  temperature  of  2?-26°  is 
completed  within  5-6  days.  The  female  flies  usually  begin  ovlnosltlon 
at  an  air  temperature  not  lower  than  17®.  Under  favorable  temper¬ 
ature  conditions  house  flies  can  live  and  multiply  Indoors  during 
winter;  in  cold  premises  Imagoes  of  this  species  can  pass  the 
winter  in  an  inactive  state.  In  an  anabiotln  state  in  barns,  in 
accumulations  of  vcetable  residua,  etc.,  mature  blue  soring  flies, 
greater  house  flies,  blue  flesh  flies  and  many  other  species  of 
flies  can  hibernate.  Insects  become  active  again  in  string,  in 
the  period,  when  the  maximum  air  temperature  rises  above  10“ . 

The  hibernation  of  the  larvae  (and  the  pupae  in  the  south) 
of  house  flies  and  also  many  exophiilc  species  of  flies  (blue  carrion, 
green  flesh,  gray  flesh,  market  flies,  etc.)  occurs  in  the  ground 
(under  waste  materials  and  with  a  radius  around  them  of  up  to  5  m 
and  more),  in  putrescent  accumulations  of  waste  material.  Hlbernatlnr 
larvae  and  pupae  can  be  found  at  a  depth  of  up  to  50  cm  from  the 
surface  of  the  soil  or  waste  n./terlal. 

The  emergence  of  the  majority  specie?  of  flies  wintering 
in  the  larval  and  pupal  phases  usua  ^  occurs  (depending  unon  the 
climatic  conditions)  in  March-April,  in  the  oerlod,  hen  the  average 
daily  temperature  of  the  soil  or  waste  material  in  the  oiaces, 
where  they  are  congregating,  is  for  approximately  ten  days  located 
at  a  level  of  11-1^°.  In  the  southern  regions  fly  breeding  ic  also 
possible  outside  in  the  winter  months. 

The  maximum  nu.Tiber  of  tPe  house  fly  population  is  observed 
in  the  temperate  climatic  belt  in  July-August;  the  blue  spring 
flies,  g.’eater  house  flies  -  in  May-June;  blue  carrion,  green  flesh 
flies  -  in  August-September . 


In  regions  with  a  hot  dry  climate  (for  example,  In  Central 
Asia)  the  flight  curve  of  the  southern  house  fly,  and  also  of  many 
exophlllc  files  has  two  peaks;  In  June-August  due  to  the  high 
teiiiperature  of  the  air  and  of  the  surface  layers  of  the  soil, 
and  also  due  to  the  deficiency  of  humidity  the  depression  of  these 
species  occurs.  Whereas  southern  house  flies,  greater  house  flies, 
green  and  gray  flesh  flies  ^  edomlnate  here  in  number  In  the  spring- 
summer  period,  and  market  files  —  in  August-September  and  sometimes 
In  October. 


The  Epidemiological  Significance  of  Flies 

The  number  of  diseases  the  specific ^  carriers  of  which  a^e 
flies  Is  relatively  small.  To  this  number  there  belong  Individual 
diseases  of  animals  and  man  of  protozoal  etiology  (trypanosomiasis), 
which  are  widespread  chiefly  In  tropical  countries  (for  example, 
sleeping  sickness),  the  specific  carriers  of  which  are  blood-sucking 
flies  of  the  genus  Glosslna  RD;  from  helminthiasis  —  telasiosis  of 
large  cattle,  transmitted  by  flies  of  the  genera  Musca  and  Lyperosla. 
The  frequent  alternate  contact  of  flies  with  the  putrescent  waste 
material  escreted  by  man  and  animals  makes  possible  the  mechanical 
transmission  by  them  ol  the  pathogenic  agents  of  diverse  etiology 
to  food  products,  articles,  vegetation  surrounding  man,  and  also 
to  the  mucous  membranes  and  wounds  of  man. 

B.  L.  Shura-Bura  presented  a  list  Including  more  than  120 
micro-organisms  of  diverse  nature  to  man  and  animals;  these  have 
been  detected  by  many  authors  in  investigating  naturally  Infected 
flies  (cholera,  typhoid  fever,  dysentery,  gastroenteritis,  polio¬ 
myelitis,  and  also  tuberculosis,  leprosy,  dlptheria,  glanders, 
epidemic  conjunctivitis  and  many  others). 

Especially  great  is  the  significance  of  flies  ol  the  coproblont 
species  (coming  Into  contact  with  human  excrement)  In  propagating 
Intestinal  Infections  of  man.  In  the  first  place  dysentery,  and  also 
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typhoid  fever,  paratyphoid,  cholera,  etc.,  causlnp  to  a  considerable 
degree  seasonal  Increases  In  the  disease  Incidence  of  these  Infections 
during  the  warm  season  (A.  0.  Govard,  Ye.  N.  Pavlovskiy,  L.  V. 
Qromashevskly  and  many  others ) . 

The  possibility  of  the  dissemination  of  massive  doses  of 
dysentery  microbes  by  house  files  and  flies  of  exophlllc,  coproblont 
speclfcj  C.  uralensls,  M.  stabuj..ans,  C.  haemorrholdalls,  Pannla 
was  confirmed  by  the  data  of  the  laboratory  exrerlments  and  the 
results  of  the  bacteriological  Investigations  of  files  caught  at 
foci  of  Intestinal  diseases. 

But  house  files  because  of  their  endophllla  In  all  climatic 
zones  are  the  greatest  danger  as  carriers  of  dysentery  an^  other 
Intestinal  Infections. 

Dysentery  and  typhoid  fever  microbes  are  able  to  survive 
In  the  Intestines  of  "wild"  files  up  to  2-3  days.  In  the  intestines 
of  files  sterllly  cultivated  In  the  laboratory  —  up  to  5  days. 

Many  authors  both  domestic  and  foreign  have  established  that 
successful  control  of  synanthroplc  files  can  bring  about  a  reduction 
and  can  even  prevent  the  seasonal  rise  In  the  disease  Incidence  of 
intestinal  Infections,  in  the  first  place  of  dysentery  (V.  M. 
Bychkov-Oreshnlkov,  M.  A.  Dykhno,  A.  M.  Klechetova  and  K.  D. 
Kondashova,  Ye.  N.  Pavlovskiy,  Z.  F.  Petrov,  M.  N.  Sukhova,  V.  D. 
Timakov,  N._  I.  Fedorova-Talashtno,  Verhoestraete,  Puffer  and  others). 

It  is  necessary  to  consider  that  the  significance  of  synanthroolc 
flies  In  the  transmission  of  dysentery  and  other  Intestinal  diseases 
Is  different  In  regions  located  In  different  climatic  zones  and 
differing  In  the  degree  of  communal  development  and  the  level  of 
sanitary  culture  of  the  population,  the  presence  of  bacillus  carriers, 
etc.  In  the  southern  regions,  where  the  Intensity  of  Insect 
reproduction  is  higher  and  their  active  period  Is  more  prolonred,  the 
role  of  flies  as  carriers  of  dysentery  is  more  significant  than  in 
regions  with  a  temperate  climate  and  in  the  northern  regions. 
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The  ways  of  propagating  dysentery  as  well  as  other  facultative- 
transmissive  Intestinal  Infections  are  diverse.  Besides  flies, 
other  faotors  can  also  play  an  Important  role  in  their  transmission  — 
water,  daily  contact.  Thus  cases  of  an  Increase  In  the  disease 
Incluence  with  them  in  winter  and  in  summer  In  the  absence  of  flies 
cannot  be  viewed  as  contradicting  the  fly  theory  of  propagating 
Intestinal  infections.  Prophylaxis  of  these  latter  should  be 
studied  completely  taking  Into  r.r'count  all  possible  ways  of  trans¬ 
mitting  these  diseases.  It  Is  necessary  to  add  that  the  control  of 
flies  is  a  strict  necessity  In  the  orophylaxls  of  dysentery,  typhoid 
fever,  poliomyelitis  and  other  infections  and  invasions,  transmitted 
via  the  alimentary  tract  both  in  the  Soviet  Union  and  in  foreign 

V 

countries . 

Along  with  the  pathogenic  agents  of  intestinal  infections  of 
bacillary  etiology  flies  of  the  coproblont  species  are  also  able 
to  spread  cysts  of  pathogenic  protozoa  —  Entamoeba  hlstolytics, 
Entamoeba  coll,  Giardia  intestlnalis,  etc.,  and  also  the  eggs  of 
parasitic  worms  -  ascarides,  trichinae,  dwarf  tapeworms,  taeniae 
(V.  P.  Pod'yapol’skaya  and  M.  P.  Gnedina  and  others). 

Within  the  last  20  years  the  definite  importance  of  flies  of 
coproblont  species  in  spreading  the  virus  of  poliomyelitis  was 
shown. 

Pol.’  'Virus  was  isolated  form  spontaneously  Infected  flies 
(house  and  exophlllc  soecles,  mainly  from  the  family  Calllphorldae) . 

S.  A.  Akberdin,  N.  H.  Sheremet’yev  also  Isolated  from  flies 
enteroviruses  of  the  Coxsachle  and  ECHO  group. 

Poliomyelitis  virus  is  retained  in  the  organism  of  synanthropic 
flies  (the  house  fly,  and  also  flies  of  exophlllc  species)  for  from 
2  to  21  days  (Ye.  N.  Levkovich  and  M.  N.  Sukhova,  H.  N.  Sheremet’yev). 
N.  N.  Sheremet'yev  Indicates  the  possibility  of  short-term  reproduction 
of  poliovirus  in  the  organism  of  the  house  fly,  and  also  of  a  number 
of  flies  of  exophlllc  species. 
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Inasmuch  as  in  diseases  of  an  adenovirus  nature  the  nathorenic 
agent  in  considerable  numberb  is  excreted  with  the  feces  of  an 
Infected  person  and  is  detected  in  the  secretion  of  mucous  membrane 
of  the  eye  and  nose,  its  propagation  is  also  possible  by  synanthroolc 
coproblont  species  of  flies,  attacking  man,  in  the  first  place  hou’sr 
and  market  flies.  A.  L.  Belyayev,  M.  N.  Sukhova,  T.  0.  Teterovskaya 
demonstrated  the  survival  and  the  isolation  in  the  external 
environment  in  the  course  of  3-^  weeks  of  adenoviruses  of  type  3 
and  to  a  lesser  degree  of  type  7a  with  the  experimental  infection 
of  the  imagoes  of  house  and  market  flies.  In  the  organism  of  the 
experimental  flies  and  in  wash-offs  from  the  surface  of  ob.jects 
contaminated  by  them  during  the  indicated  periods  there  was  noted 
the  periodical  increase  and  decrease  in  the  titer  of  adenoviruses. 

The  cited  facts  make  it  possible  to  draw  a  conclusion  about 
the  definite  adaption  (possible  short-term  reproduction)  of  Individual 
pathogenic  agents  of  virus  origin  in  the  organism  of  flies  of  the 
investigated  coproblont  species. 

As  a  result  of  the  investigations  conducted  in  Turkmenia 
there  was  demonstrated  the  spontaneous  carriage  by  market  and  house 
flies  of  adenoviruses  including  the  third  type  (A.  L.  Belyayev, 

M.  N.  Sukhova,  V.  A.  Starodubskay ,  T.  0.  Teterovskaya) . 

Besides  the  infections  transmitted  by  the  alimentary  tract 
the  Importance,  in  particular,  of  M.  sorbens  in  the  transmission 
of  eye  diseases  is  great. 

The  role  of  market  flies  as  carriers  of  acute  epidemic  Koch- 
Weeks  conjunctivitis  is  great  (L.  S.  Zimin,  V.  G.  Mekhanlkova, 

L.  F.  Paradoksov,  M.  N.  Sukhova,  Gaud,  Lourrent,  Taurre  and  others). 

The  Improvement  of  the  sanitary  condition  of  the  oopulated 
sites  of  the  Central  Aslan  re; ubllcs  during  the  years  of  Soviet 
power,  the  application  for  10  years  of  DDT  and  hexachlorane  in 
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combatting  synanthropic  Dl;,tera  made  It  possible  to  achieve  a 
sharp  (in  individual  places  up  to  several  hundreds  of  times)  reduction 
in  the  number  of  market  flies.  As  a  result,  for  example,  in  the 
majority  of  cities  of  Turkmenia  there  were  almost  stopped  the  high 
rises  in  the  disease  incidence  of  epidemic  conjunctivites  existing 
here  earlier  in  the  autumn  period  of  the  year;  the  annual  disease 
incidence  in  individual  cities,  for  example  in  Krasnovodsk,  was 
decreased  as  compared  to  that  observed  in  1951-1952  by  up  to  10 
times . 

In  appraising  the  epidemiological  role  of  flies  it  is  also 
necessary  to  consider  that  house  and  market  flies  can  play  an 
essential  role  in  the  propagation  of  the  mycobacteria  of  tuberculosis 
and  the  pathogenic  agent  of  leprosy.  Stable  flies  can  be  mechanical 
transmitters  of  tularemia  Infection  (V.  P.  Romanova).  Under 
experimental  conditions  there  was  also  demonstrated  the  pcsslblllty 
of  the  transmission  by  them  of  anthrax  and  dermal  leishmaniasis 
(A.  A.  Shtakel 'berg) . 

It  is  also  necessary  to  consider  the  negative  role  of  flies  as 
causative  agents  of  myiasis.  Myiasis  are  diseases'  caused  by  the 
introduction  and  the  stay  of  fly  larvae  in  f'ssues  and  cavities  of 
the  living  organism  of  a  vertebrate  host.  Among  the  myiases  there 
are  distinguished  obligate  and  facultative  species  (Ye.  N.  Pavlovskiy). 
Obligate  myiases  mainly  in  domestic  cattle,  and  sometimes  in  man  are 
caused  by  the  larvae  mainly  of  synbovlllc  species  of  files  leading 
an  exclusively  parasitic  form  of  life.  In  the  USSR  -  there  are 
larvae  of  the  Wohlfahrtla  fly,  and  also  of  gadflies  -  botflies, 
warble  flies  and  horse  botflies. 

The  causative  agents  of  facultative  myiases  having  a  random 
character,  can  be  larvae  mainly  in  the  flesh,  and  also  coproblont 
ncnparasltlc  species  of  flies.  Well-known  are  cases  of  facultative' 
skin  tissue  and  cavity  myiases  caused  by  the  larvae  of  the  house 
fly,  L.  serlcata,  Calllphora.  There  have  also  been  described 
intestinal  myiases  caused  by  the  larvae  of  the  house  fly,  blue 
flesh  fly,  cheese  skipper  and  others,  with  which  infected  persons 
can  manifest  typhoid  symptoms. 
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As  was  shown,  files  cause  considerable  harm  to  the  health  of 
man  as  carriers  of  pathogenic  agents  of  Infections  and  Invasions 
of  various  etiology.  Furthermore,  Individual  species  of  files 
(house,  market)  can  deprive  adults  and  especially  children  of 
rest.  Therefore,  the  destruction  of  these  Insects  has  especially 
great  significance. 


Measures  for  Combatting  Files 

At  the  basis  of  fly  control  there  have  to  be  placed  sanitary 
measures  preventing  the  possibility  of  the  develonment  of  these 
Insects.  Accordingly  there  has  to  be  provided  good  order  at 
populated  points,  an  efficient  organisation  in  a  hygienic  and 
entomological  respect  of  collection  at  these  points,  systematic 
removal  and  neutralization  of  putrescent  organic  waste  material. 

As  a  supplement  to  the  sanitary-prophylactic  measures  It  Is  necessary 
to  destroy  the  eggs,  larvae,  pupae  (In  the  first  place),  and  also 
mature  flies  with  the  help  of  chemical  and  mechanical  means  (V. 

I.  Vashkov,  M.  M.  Sukhova). 

Sanitary  measures.  Especially  important  In  an  epidemio] o.crical 
respect  Is  the  prevention  of  the  possibility  of  flies  breeding 
in  human  excrement.  For  this  purpose  the  most  efficient  Is  the 
equipping  of  populated  points  with  sewerage  systems.  In  regions 
without  sewerage  systems  it  Is  necessary  to  set  up  regular  latrines 
Including  Impenetrable  cesspools  and  possibly  with  well-sealed 
surface  parts.  The  doors  of  the  latrines  have  to  be  snugly 
assembled  and  self-closing.  The  windows,  air  vents,  and  ventilation 
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holes  should  be  screened  with  metal  screens  with  a  mesh  of  i.5  nn  . 

In  public  latrines  the  floors  and  walls  should  be  of  cement, 
concreted,  etc.  It  Is  expediently  to  consolidate  cesspools  -  sink 
drainage  and  latrines,  because  In  feces  with  moisture  higher  than 
92-9^55  there  is  a  sharp  reduction  In  the  development  of  synanthropic 
species  of  flies  having  epidemiological  significance.  It  Is 
necessary  to  consider  that  outside  sink  drainage  pits  should  be 


Intended  only  for  the  collection  of  slops.  They  should  consist  of 
a  cesspool  and  a  surface  part  with  a  cover  and  a  grid  for  separatlnp 
out  the  solid  waste  material.  The  grid  should  not  less  frequently 
than  once  a  day  be  completely  cleared  of  everyday  household  rubbish 
which  has  accidently  accumulated  on  it.  Cesspools  for  public 
latrines  are  made  of  stone,  brick,  reinforced  concrete,  wood;  the 
covers  for  clearing  cesspools  should  have  tightly  fitted  double 
covers.  In  1-2  story  buildings  without  sewerage  systems  within 
the  limits  of  the  I-II-III  climatic  regions  the  best  arrangement 
consists  luftclosets  [air  closets]  or  (within  the  limits  of  all 
regions)  pudrclosets  [powder  closets].  After  using  a  pudrcloset 
it  is  necessary  to  completely  cover  the  impurities  with  dry  neat, 
or  garden  dirt  and  to  subsequently  neutralize  them  In  compost 
piles  in  areas  removed  from  the  farmstead. 

It  Is  necessary  to  consider  that  with  the  proper  arrangement 
and  utilization  of  luftclosets  and  pudrclosets  fly  breeding  In  them 
Is  impossible. 

Cesspools  of  outhcuses  and  luftclosets  should  be  surrounded 
with  asphalted,  concreted  sites  to  a  distance  of  1.5  m  from  the 
edge  of  the  installations.  The  premises  of  the  latrines  and  the 
area  surrounding  them  should  be  washed  dally  and  disinfected  with 
chlorinated  lime. 

The  removal  of  slop  and  sewerage  from  the  cesspools  of  outhouses 
(cleaning  them  right  down  to  the  bottom)  should  be  carried  out  not 
less  frequently  than  once  in  2  months,  the  cleaning  of  cessrools 
of  luftclosets  in  apartment  buildings  should  be  carried  out  1-2 
times  per  ye-r.  It  is  necessary  to  consider  that  the  overflllinr 
of  cesspools  increases  the  possibility  of  flies  breeding  In  them. 

The  neutralization  of  household-fecal  sewage  going  from 
sewer-equipped  homesteads  to  purification  installations  prevents 
the  possibility  of  the  breeding  of  synanthropic  flies  having 
epidemiological  significance  (M.  N.  Sukhov). 
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In  nonsewer-equlpped  regions  the  neutralization  of  liquid  waste 
materials  in  sanitation  fields  by  the  soil  method  with  the  dumnlng 
of  the  Impurities  in  designated  sections  In  accordance  with  sanitation 
standards  and  plowing  the  deposited  waste  materials  under  within 
24-il8  hours  completely  satisfies  the  entomological  requirements. 

It  Is  absolutely  Irnpernlsslble  In  a  sanitation  respect,,  in 
particular  from  entomological  Indications,  to  set  up  dumping  grounds 
t  or  liquid  waste  materials  or  to  spread  che  excrement  over  the 
soil. 


Everyday  household  rubbish  In  dwellings,  public  and  Industrial 
premises,  and  In  places  where  people  sojourn  should  be  denoslted 
in  buckets  or  In  tanks  with  tightly  fitting  covers,  preferable  with 
pedal  locks,  which  It  Is  necessary  to  thoroughly  clean  dally. 

Per  the  complete  prevention  of  the  possibility  of  flies  breeding 
in  everyday  household  rubbish  it  Is  necessary  to  have  a  properly 
organized  rubbish  collection  system  taking  In  every  apartment;  at 
present  this  is  being  carried  out  In  many  cities  of  the  Soviet  Union. 
According  to  this  method  following  soecially  worked  out  routes  and 
graphs  of  the  streets  (depending  upon  local  conditions  1  or  2  times 
per  day)  rubbish  trucks  or  specially  adapted  motor  vehicles,  in 
which  the  tenants  dump  their  waste  materials,  which  are  then  taken 
to  neutralization  or  utilization  sites.  In  the  apartment  rubbish 
collection  system  there  are  no  collections  of  everyday  household 
rubbish  outside  homesteads  (there  are  only  receptacles  for  outside, 
street  purposes). 

In  many  populated  places  at  the  present  time  there  is  conducted 
the  collection  of  garbage  for  cattle  feed.  With  proper  organization 
this  system  is  completely  efficient  for  entomological  purnosos. 

It  Is  necessary  that  the  garbage  be  collected  In  soeclal  buckets 
equipped  with  tightly  fitting  covers,  and  It  Is  necessary  to  transport 
It  dally  In  special  containers  to  the  livestock  farms. 


In  a  planned  transport  system  for  clearing  populated  places 
from  everyday  household  rubbish  It  is  necessary  to  properly  organize 
the  temporary  storage  of  solid  waste  material  in  standard  portable 
metallic  receptacles  with  a  capacity  of  50-100  t  or  in  containers 
of  0.^1  m^  and  more,  emptied  dally  or  every  other  day,  with  subsequent 
washing  or  at  least  mechanical  cleanl’ig  of  the  bottom  and  walls  of 
the  receptacles.  Depending  upon  local  conditions  it  is  permissible 
to  set  up  St  xtlonary  rubbish  receptacles  -  wooden  tightly  assembled 
or  iron  box<  s  without  a  bottom,  but  with  covers.  In  accordance 
with  the  minimum  periods  of  development  of  eggs  and  larvae  of  flies 
cleaning  of  the  boxes  is  necessary  not  less  frequently  than  once 
every  3-**  days  at  sites  located  in  the  temperate  climatic  belt  and 
not  less  frequently  than  once  every  2-3  days  in  hot  climates. 

In  order  to  prevent  the  migration  of  the  larvae  into  the  soil, 
the  portable  receptacles  and  stationary  boxes  should  be  placed  on 
asphalted  or  concreted  sites  (to  a  radius  of  up  to  1.5  m  from  the 
edges  of  the  receptacles).  According  to  hygienic  evidence  (including 
entomological  evidence)  it  4-S  impermissible  to  set  up  Joint  receptacles 
for  the  collection  of  slop  and  everyday  household  rubbish;  it  is 
also  impermissible  to  deposit  rubbish  in  closed  barns,  because  with 
these  methods  the  complete  cleaning  of  these  structures  is  impossible 
and  considerable  fly  breeding  is  Inevitable. 

Transportation  Intended  for  moving  waste  material  (trucks, 
wagons),  should  be  washed  and  disinfected  dally. 

Neutralization  methods  for  everyday  household  rubbish  should 
be  varied  taking  into  account  local  conditions,  using  mainly  blothermal 
methods.  The  most  correctly  according  to  sanitary-entomological 
evidence  is  t...,  composting  of  solid  waste  material.  The  neutralizing 
of  everyday  household  rubbish  not  Infested  with  fly  larvae  can  be 
carried  out  both  in  ground  piles  and  also  in  trenches,  but  it  is 
absolutely  necessary  to  cover  the  waste  material  with  a  layer  of 
dirt  or  other  composting  materials  to  a  thickness  of  not  less  than 
10  cm.  .'iv'bbish  Infested  with  fly  larvae,  especially  in  southern 
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regions,  should  be  neutralized  in  trenches,  ccverlnf  the  waste 
material  with  mulching  materials  (rush  matting,  empty  cement  baps, 
etc.)  or  tamping  them  with  earth,  in  order  to  prevent  the  migration 
of  the  larvae,  mature  flies  on  the  surface  of  the  soil.  It  is  also 
permissible  to  set  up  Improved  dumps  in  which  the  waste  material 
must  be  levelled  out,  covered  with  earth  or  construction  debris 
and  tamped  with  excavating  equipment. 

The  prevention  of  fly  breeding  in  manure  is  achieved  by 
thoroughly  cleaning  the  premises  for  domestic  cattle  and  birds  and 
by  the  immediate  removal  of  waste  material  to  a  neutralization  site. 
Neutralization  of  manure  is  carried  out  by  biothermal  methods  -  in 
dung  pits  or  compost  pits. 

At  private  dwellings  the  neutralization  of  manure,  like  all 
organic  waste  material,  collected  at  the  household  should  be  carried 
out  by  composting  on  a  plot  somewhat  removed  from  the  household. 

To  avoid  the  development  of  fly  larvae  each  portion  of  the  vraste 
material  placed  In  the  pile  should  be  immediately  covered  with  a 
layer  of  garden  earth  or  other  composting  materials  with  a  thickness 
of  about  10  cm.  In  regions  with  a  dry  hot  climate  in  accordance 
with  the  stacking  of  the  compost  pile  it  is  expedient  to  smear 
the  edges  with  fresh  dung  or  a  mixture  of  dung  with  clay.  The 
dense  crust  forming  inhibits  ovlposltion  by  flies  and  the  development 
of  larvae  in  the  substrate. 


Disinfestational  measures  in  combatting  synanthropic  flies. 

In  conjunction  with  the  sanitary-prophylactic  measures  it  is  necessary 
to  carry  out  disinfestational  antifly  measures.  It  is  necessary 
to  consider  that  in  the  last  few  years  these  methods  and  tactics 
have  changed  in  many  respects.  Thus,  if  from  the  50 's  o^*  the  current 
century  for  combatting  mature  house  flies  the  impregnation  of  the 
Internal  walls  of  premises  has  been  widely  accepted  (food  enterprises, 
medical  and  children's  institutions,  etc.)  with  DDT  preparations, 
the  external  walls  of  the  outbuildings  of  all  sanitary-outside 
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installations  for  destroying  the  imagoes  of  the  house  fly  and  flies 
of  exophilic  species  were  treated  with  preparations  of  DDT  and 
hexachlorane,  then.  If  one  were  to  proceed  from  contemporary  data, 
these  tactics  cannot  be  considered  to  be  correct.  This  method 
does  not  provide  stable  positive  results  with  insufficient  development 
at  populated  sites.  It  is  ineffective,  especially  in  the  summertlne 
with  respect  to  populations  of  house  flies,  in  which  within  the 
limits  of  the  USSR  there  has  developed  to  a  greater  or  lesser 
degree  an  expressed  specific  resistance  to  insecticides  of  the 
chlorinated  hydrocarbon  group.  With  the  introduction  into  dlsinfes- 
tational  practice  of  organophosphorous  preparations,  in  particular 
chlorophos  even  greater  application  in  imago  control  has  been 
obtained  by  insecticidal  baits.  In  recent  years  there  has  also  been 
expanded  the  assortment  of  highly  effective  larvlcldes,  in  particular 
those  from  the  group  of  organophosphorous  compounds  and  the  chlorinated 
terpenes . 

All  these  new  data  making  it  possible  to  considerably  Improve 
the  quality  of  dislnfestational  antifly  measures  must  be  considered 
in  organizing  practical  operations  at  sites. 

When  planning  destructive  operations  for  combatting  flies  the 
methods  and  tactics  of  their  execution  should  be  varied  depending 
upon  the  epidemiological  situation,  the  natural  conditions,  the 
state  of  communal  development  and  the  sanitary  cleanliness  of  the 
cities  and  inhabited  points. 

It  is  natural,  that  at  populated  sites  with  sewerage  systeirs 
with  the  systematic  removal  of  everyday  household  rubbish  from  each 
apartment  or  with  complete  cleaning  of  portable  receptacles  not  less 
frequently  than  once  every  ?-3  days  it  is  sufficient  only  to  destroy 
individual  flies  flying  into  the  premises,  mainly  house  flies  with 
the  help  of  fly-swatters,  fly-paper,  etc. 

In  sections  of  populated  sites,  where  toilets  are  not  conrected 
to  a  sewer  system  (with  the  exception  of  properly  operated  luftclosets 


and  pudrclosets,  and  also  of  outhouses,  where  the  moioture  content 
of  the  fecal  matter  in  cesspools  Is  higher  than  92-9^58)  and  where 
the  removal  of  solid  waste  material  is  haphazard  of  decisive  Importance 
in  the  successful  execution  of  fly  control  is  the  destruction  of 
the  prelmaglnal  phases  of  development  of  these  insects  with  the 
help  of  chemical  agents. 

By  applying  larvlcldes  there  are  simultaneously  destroyed  the 
complexes  of  synanthroplc  species  of  flies  developing  In  limited 
breeding  sites  of  a  specific  type.  Thus,  for  example,  the  use  of 
larvlcldes  in  everyday  hou.sehold  waste  material  makes  it  possible 
to  sharply  limit  everywhere  the  number  of  populations  of  house, 
greater  house,  blue  spring  flies,  etc. 

But  to  avoid  the  unnecessary  expenditure  of  chemical  poisons 
and  manpower  In  the  planning  of  delarvatlonal  operations  It  is 
necessary  with  the  help  of  sanitary  measures  to  try  to  obtain 
maximum  localization  of  the  sites  of  waste  material  accumulation, 
mainly  in  receptacles. 

In  order  to  ensure  the  success  of  delarvatlonal  operations  It 
Is  necessary  to  consider  the  degree  of  humidity  of  the  waste 
materials,  their  mass  and  temperature. 

The  destruction  of  fly  larvae  In  liquid  waste  materials  (with 
a  moisture  content  higher  than  75-80JJ)  Is  attained  with  relative 
ease  by  the  use  of  liquid  preparations  and  disinfecting  powders. 

The  formation  of  an  Insecticidal  film  on  the  surface  of  waste 
materials  leads  to  asphyxia  In  the  larvae;  and  for  normal  breathing 
the  fly  larvae  are  forced  to  ascend  to  the  very  surface  layers  of 
the  substrate,  which  Inevitably  entails  the  coating  of  their 
spiracles  with  the  insecticide.  In  using  larvlcldes  liquid 
preparations  are  sprayed  evenly,  disinfecting  powders  are  applied 
to  the  surface  of  the  substrate  being  subjected  to  delarvation. 
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The  destruction  of  fly  larvae  and  pupaa  in  accumulations  of 
solid  waste  material  with  a  moisture  content  lower  than  75-0OJ5 
(everyday  household  rubblkih,  manure,  dried  human  excrement)  and  also 
In  soil  Is  attained  with  considerably  greater  difficulty,  because 
In  these  substrates,  especially  w)ien  In  them  a  high  temperature 
Is  not  developed,  the  larvae  can  live  at  a  depth  of  up  ♦o  10-15 
cm  and  more  from  surface.  Thus,  for  the  delarvation  of  solid 
waste  material  and  also  soil  It  la  more  expediently  to  use  insecticides 
possessing  a  fumlgatlonal  effect,  applying  them  as  far  as  possible 
In  the  form  of  emulsions  and  solutions.  In  order  to  provide  the 
optimum  rates  of  expenditure  of  the  Insecticidal  liquid  (taking 
Into  account  the  mass  of  the  waste  material  being  treated)  It  is 
necessary  to  use  from  2  to  5  liters  (depending  upon  the  Insecticide 
applied)  for  treating  i  ra  of  surface  of  waste  materials  or  soil 
with  a  thickness  of  the  substrate  layer  of  not  more  than  30-50  cm. 

In  accumulations  of  rubbish  and  manure  -  10-12  t  per  m-*. 

The  rates  of  expenditure  of  insecticides  In  the  delarvation 
of  liquid  waste  materials  (with  a  moisture  content  higher  than  SOf) 
are  lower  than  when  treating  solid  waste  materials,  usually  not  more 

than  200-500  mz  of  working  fluid  or  300  g  of  disinfecting  powder 

2 

per  m  of  substrate  surface  being  treated.  The  necessary  number 
of  delarvations  of  liquid  waste  materials  Is  also  usually  Ij  to 
2  times  less  than  for  solid  wastes.  However  at  sites  with  a  dry 
hot  climate  (for  example,  in  Central  Asia,  Transcauoasus)  in  the 
summertime  with  the  drying  of  fecal  matter  In  the  cleaned  out  latrines, 
the  delarvations  of  the  cesspools  should  be  conducted,  following 
the  conditions  accepted  for  the  destruction  of  fly  eggs  and  larvae 
In  solid  waste  materials. 

In  applying  larvlcides,  one  should  consider  the  available 
source  material  about  the  fact  that  the  simultaneous  effect  of  one 
and  the  same  preparation  on  the  p  elmaglnal  phases  and  the  Imago, 

In  particular  M.  domestlca  (Dicker,  Bruce  and  others)  Is  unsuitable, 
because  this  promotes  the  more  rapid  development  of  resistance  to 
this  Insecticide. 
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Of  the  synthetic  Insecticides  belonging  to  the  organophosooroua 
group  of  compounds,  there  are  highly'  effective  larvicldes  In  the 
first  place  trichlorometaphos-3  applied  In  combatting  the  preimaginal 
'phase  of  flies  at  a  concentration  of  O.lf  (I.  V.  Gvozdevo).  High 
larvlcldal  qualities  are  also  manifested  by  carbophos  (T.  V. 
Yerofeyeva,  Ye.  V.  Shnayder).  Chlorophob  Is  also  an  active  larvicide. 
However,  Inasmuch  as  It  Is  at  present  the  main  Insecticide  for 
destroying  populations  of  house  flies  which  are  resistant  to  DDT 
and  hexachlore '.e  It  should  not  be  applied  as  a  larvicide.  This 
can  be  allowed  only  In  the  exceptional  case  when  there  is  a  complete 
absence  of  other  larvicldes. 


Wofatox  can  be  used  for  combatting  the  preimaginal  phases  of 
files,  however.  In  view  of  the  toxicity  of  this  preparation  there 
must  be  observance  of  especially  careful  measures  of  precaution  and 
then  only  in  the  case  of  the  absence  of  other  effective  preparations, 

■Larvicldes  from  the  organophosphorous  group  of  compounds  are 
highly  effective  (due  to  the  positive  temperature  coefficlejit)  in  (  * 

places  with  a  hot  climate.  Along  with  this  they  are  also  completely 
active  In  places  with  a  temperate  climate. 

Of  the  group  of  chlorinated  terpenes  as  larvicldes  there  are 
very  effectively  applied  2-^%  aqueous  working  emulsions  prepared 
from  65Jt  concentrates  of  polychloroplnene  and  polychlorocamphene 
(T.  V.  Yerofeyeva).  Also  produced  by  Industry  are  5Df  solutions  of 
polychlorplnene  In  diesel  fuel  which  must  be  emulsified  beforehand. 

As  emulsifiers  it  is  necessary  to  use  naphthalysnl  or  a  emulsion 
of  DDT.  Th-  main  mixtures  are  prepared  at  a  ratio  of  1:]  for  each 
Ingredient.  For  operations  there  are  applied  7.%  (by  polychloroplnene ) 
aqueous  emulsions  of  the  indicated  mixtures.  Aqueous  emulsions 
of  polychlorocamphene,  polychloroplnene  and  Its  n.lxtures  are 
af ''lied  for  the  delarvatlon  of  both  liquid  and  solid  waste  materials. 

In  populations  of  house  flies  resistant  to  hexachlorane  there 
Is  observed  a  cross  resistance  to  the  chlorinated  terpenes.  In  the  / 
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first  place  to  polychloroplnene,  which  manifests  Itself  especially 
sharply  in  regiona  with  a  hot  climate.  Therefore  polychloroplnene 
is  not  reconmiended  for  application  in  the  southern  regions «  especially 
in  Central  Asia  and  Transcaucasus.  Because  the  mixtures  of 
polychloroplnene  with  diesel  fuel  and  napthalysol,  and  also  with 
DDT  are  distinguished  by  higher  insecticide  activity  than  pure 
polychloroplnene,  their  application  is  desirable,  especially  In 
combatting  populations  of  .*  ouse  flies  which  are  resistant  to 
hexachlorane ,  in  particular  in  the  temperate  climatic  belt. 

Hexachlorane  preparations  (emulsions,  disinfecting  powders), 
in  view  of  the  widespread,  significant  resistance  to  their  effect 
within  the  USSR,  should  be  applied  only  in  liquid  waste  materials 
(with  a  moisture  content  higher  than  80*)  for  destroying  fly  larvae 
of  exophlllc  species  sensitive  up  to  now  to  the  insecticides  of 
the  chlorinated  hydrocarbon  group. 

Along  with  the  synthetic  insecticides  as  larvlcldes  It  is 
necessary  to  apply  10)5  aqueous  emulsions  of  creolln,  10%  emulsions 
of  a  mixture  of  unpurlfled  carbolic  acid  with  napthalysol,  the  vat 
residues  of  dlschloroethane,  etc.  Also  very  effective  is  the  use 
of  green  oil.  In  private  households  the  inhabitants  should  be 
advised  to  treat  their  toilet  dredgings  with  kerosene. 

It  is  necessary  to  simultaneously  carry  out  a  search  for  new 
larvlcldal  preparations  from  local  insecticidal  raw  materials. 

To  Increase  the  productivity  of  delarvatlonal  operations  it  is 
necessary  to  make  maximum  use  of  mechanized  apparatuses  —  high-angle 
sprayers  on  motor  vehicles,  motor  liquid  sprayers  (MRZh-2),  and  also 
sprayers  used  in  agriculture  (DUK,  LSD-2  and  others).  For  the 
delarvation  of  soil  there  can  be  used  bpray-waehlng  machines  used 
in  establishments  conducting  public  and  communal  cleaning. 

In  conjunction  with  delarvatlonal  measures  it  is  also  necessary 
to  destroy  mature  flies.  The  most  effective  preparation  applied 
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In  the  USSR  for  combatting  In  the  first  place  mature  house  flies 
resistant  to  chlorinated  hydrocarbons  is  chlorophos  (V.  I.  Vashkov 
and  Ye.  V.  Shnaydsr). 

It  is  very  significant  that  chlorophos  alon^  with  its  expressed 
toxic,  fumigatlonal ,  contact  effect  also  possesses  a  sharnly 
expressod  intestinal  effect  with  respect  to  insects.  Moreover 
chlorophos  does  not  possess  a  repellent  property  with  respect  to 
flies.  This  makes  it  possible  to  apply  it  as  an  intestinal  poison 
In  baits,  which  is  one  of  the  most  effective,  convenient  and  economical 
methods  of  destroying  mature  flics. 

The  more  potent  intestinal  effect  of  baits  with  chlorophos 
(as  Is  also  the  case  with  other  intestinal  poisons)  as  compf^red 
to  the  purely  contact  el  feet  of  the  preparation  is  undoubtedly 
less  conducive  to  the  formation  of  populations  of  house  flies 
resistant  to  this  insecticide.  The  tactics  also  correspond  more  to 
the  ecology  of  the  house  fly.  With  primary  impregnation  of  the 
walls  of  buildings  with  insecticidal  preparations  the  short-term 
contacts  of  these  Insects  with  insufficiently  toxic  doses  of  the 
poison  are  Inevitable  and  as  a  result  there  is  the  selection  of 
individuals  capable  of  detoxication,  which  can  lead  to  the  resistance 
to  insecticides  of  the  given  population. 

/ 

As  an  intestinal  poison  chlorophos  is  applied  in  the  form  of 
liquid,  and  also  solid  (granulated)  baits. 

Liquid  baits  with  chlorophos  can  be  obtained  with  the  use  of 
insecticidal  chlorophos  fly-paper,  tablets,  and  also  directly  in 
solutions. 

It  is  necessary  to  consider  that  considerably  more  effective 
fly-paper  and  also  solutions  of  chlorophos  are  prepared  with  ammonium 
carbonate  (T.  A.  Bolotova).  According  to  I.  V.  Gvozdeva  with  the 
addition  of  cunmonlum  carbonate  to  chlorophos  a  new  compound  which 
la  a  product  of  the  hydrolysis  of  chlorophos  (possibly,  DDVP) 
possessing  up  to  20  times  more  toxic  Intestinal  effect  on  flies  than 
chlorophos . 
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For  manufacturing  Insecticidal  chlorophos  paper  (directly  In 
dlslnfectlonal  establishments)  there  can  be  used  unglued  cardboard 
and  other  sorts  of  unglued  paper.  For  manufacturing  pure  chlorophos 
fly-paper  impregnation  of  all  sorts  of  paper  is  carried  out  with 
3-4?  solutions  of  chlorophos,  and  cardboard  -  with  a  1?  solution. 
Moreover  to  the  chlorophos  solution  first  heated  to  10®  there 
Is  added  5?  sugar.  In  preparing  insecticidal  chlorophos  paper 
with  ammonium  carbonate  paper  of  all  sorts  Is  impregnated  with  1-2? 
aqueous  solutions  of  chlorophos,  carbon  —  with  a  0.5?  solution. 

In  which  there  is  additionally  dissolved  dry  ammonium  carbonate 
at  a  rate  to  obtain  respectively  0. 5-1-2?  solutions  of  the  last 
preparation  (sugar  Is  not  added).  For  obtaining  good  fly-paper  It 
is  necessary  that  all  the  Insecticidal  liquid  be  absorbed  In  the 
paper  (cardboard)  without  a  residue.  For  treating  1  kg  of  wrapping 
paper  or  cigarette  mouthpiece  paper  there  is  required  approximately 
2.2  i  insecticide  solution,  for  treating  cardboard  2.1  i.  Paper 
cut  in  strips  Is  soaked  in  enameled  bathtubs,  buckets,  basins,  pots 
for  24  hours,  cardboard  -  for  48  hours  (after  12  and  24  hours 
respectively  the  paper  or  cardboard  Is  turned  over).  Then  It  Is 
dried  in  sheds  on  wooden  grids  or  under  canopies;  It  Is  cut  and 
stamped.  The  stamp  operates  at  a  rate  of  marking  of  one  sheet  of 
flypaper  with  dimensions  of  10  x  lo  cm.  The  period  of  effect  of 
chlorophos-impregnated  flypaper  (with  pure  chlorophos  and  with 
an  admixture  of  ammonium  carbonate)  in  premises  -  in  regions  with 
a  temperate  climate  up  to  20  days,  in  regions  with  a  hot  dry  climate 
up  to  12-15  days.  Outside  premises  the  effective  period  of 
treated  flypaper  Is  In  all  cases  12-15  days. 


Chlorophos  tablets  "fly-killer"  are  prepared  Ir  commerlcal 
quantities.  They  are  placed  on  saucers,  plates,  placed  cn  shee' d 
of  unglued  paper  with  dimensions  of  10  «  10  cm  and  drenched  with 
40-50  ml  of  sweetened  water. 


Insecticidal  chlorophos  paper  and  chlorophos  tablets  are 
disseminated  on  objects  by  workers  of  sanltary-epldemlologlcal  and 
dlslnfectlonal  establishments;  they  are  sold  by  the  commerlclal- 
pharmaceutlcal  network.  They  are  used  for  destroying  flies  In 
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public  dining  enterprises,  In  food  stores  and  other  food  enterprises. 

In  medical  and  children's  Institutions,  and  also  in  Mving  and 
auxiliary  premises. 

Dishes  with  flypaper,  tablets  are  set  In  nlaces  with  the  greatest 
concentration  of  flies,  In  particular  on  window  sills,  varying 
the  amount  of  halt  depending  upon  the  Intensity  of  fly  infestation 
in  the  premises.  In  food  enterprises,  if  there  are  many  flies 
in  them.  It  is  better  to  use  chlorophos  flypaper  at  night  in  artificial 
light;  In  children's  Institutions  the  flypaper  should  be  placed 
In  such  a  way  that  the  children  cannot  reach  it. 

When  using  baits  with  chlorophos  food  products  must  be  covered. 

In  the  summertime,  especially  in  regions  with  a  hot  dry 
climate,  it  la  necessary  as  broadly  as  possible  liquid  baits  with 
chlorophos  In  animal  husbandry  premises,  at  sites  for  the  transpor¬ 
tation  and  neutralization  of  waste  material,  placing  several  nieces 
of  flypaper  In  one  pan  or  plate.  In  order  to  prevent  the  ranid 
evaporation  of  water,  it  Is  best  to  soak  in  the  dishes,  pieces  of 
motor  vehicle  coverings  folded  in  several  layers,  pieces  of  cotton 
fabric,  sacking,  newsprint,  wood  shavings,  middlings,  etc.,  covering 
them  from  above  with  8-10  leaves  and  more  of  chlorophos  paper. 

The  enumerated  materials  should  be  rao’stened  respectively  with 
2^  to  3  and  more  glasses  of  water  so  that  liquid  completely  soaks 
through  them. 

In  cases,  when  at  sites  there  are  no  Insecticidal  chlorophos 
or  paper  or  tablets,  In  combatting  mature  flies  inside  and  outside 
premises  It  Is  possible  to  use  solutions  of  chlorophos  with 
attractant  substances.  It  Is  most  expedient  for  this  purpose  to 
apply  0.5%  aqueous  solutions  of  chlorophos.  In  which  there  is 
dissolved  dry  ammonium  carbonate  until  there  is  obtained  0.5% 
aqueous  solutions  with  respect  to  this  last  preparation;  it  l.n 
also  possible  to  use  fly-attracting  substances  -  sugar,  fodder 
molasses,  outside  premises  -  blood  obtained  from  a  slaughter  house. 
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and  others.  The  indicated  solutions  are  poured  into  saucers  and 
trays.  Cn  the  insecticidal  liquid  there  is  placed  unglued  paper 
or  rags,  or  shavings  or  middlings  are  poured,  etc.  The  surface 
of  the  materials  moistened  with  the  insecticidal  bait,  should  be 
from  200  to  ^100  cm^  and  more.  It  is  necessary  to  renew  baits 
prepared  from  a  mixture  of  chlorophos  with  ammonium  carbonate  in 
premises  once  in  ^.0-12  days,  in  the  open  air  —  once  a  wejek;  mixtures 
chlorophos  with  sugar,  molasses  should  be  renewed  once  in  5-7  days. 

With  a  considerable  concentration  of  flies  in  premises  It 
is  also  necessary  to  use  aerosols,  which  are  obtained  by  burning 
aerosol  paper  Impregnated  DDT  and  chlorophos  and  aerosol  pots  and 
bombs  with  DDT,  etc.,  also  are  applied. 

In  regions  with  a  moist  climate  it  is  also  expedient  to  use 
insecticidal  baits,  for  example  wood  shavings  Impregnated  with  a 
mixture  of  chlorophos  with  castor  oil  and  sugar  (100  g  of  shavings 
take  0.^  g  of  chlorophos,  10  g  of  castor  oil,  5  g  of  sugar). 

Workers  at  dlsinfestatlonal  establishments  occupied  with  the 
distribution  and  dissemination  of  baits  with  chlorophos  should 
enlist  the  help  of  their  colleagues  in  other  enterprises  and 
establishments,  the  members  of  house  committees,  sanitary  activists, 
and  also  the  broad  layers  of  the  population. 

With  insufficient  cleaning  of  populated  sites  in  cases  of 
considerable  infestation  with  flies  In  premises  in  summer  chlorophos 
should  be  applied  in  the  form  of  a  contact  poison  and  sprayed 
randomly  in  2-3<  aqueous  solutions  on  sections  which  are  the 
favorite  landing  places  of  flies  (windows,  doors  electric  wires, 
ceilings,  etc.),  in  food  stores,  in  public  eating  places,  in 
animal  husbandry  premises  and  others.  The  rate  of  expenditure  of 
chlorophos,  and  the  number  of  treatments  vary  depending  upon  the 
type  of  surfaces. 

In  spring  and  autumn  In  the  case  of  considerable  fly  reproduction 
especially  oj"  exophlllc  species  of  flies  mixtures  of  preparations  of 
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DDT  and  hexachlorane  one  should  be  used  to  Imprepnate  surface  of 
external  walls  of  outdoor  sanitary  Installations,  the  external  walls 
of  animal  husbandry  premises  and  other  places  where  flies  concentrate 
In  the  open  air. 

In  regions  endemic  to  the  outbreak  of  acute  epidemic  conjunctivitis 
In  Aprll-May  and  August-September  depending  upon  the  climatic 
conditions  for  the  purpose  of  destroying  the  Imagoes  of  market  flies 
in  undeveloped  iiectlons  of  populated  sites  there  Is  conducted  the 
Impregnation  of  the  external  walls  of  premises,  fences,  etc., 
with  mixtures  of  DDT  and  hexachlorane  preparations.  These  measures 
should  be  when  necessary  combined  with  measures  for  combatting 
blood-sucking  diptera  -  mosquitoes,  sand  flies,  etc.  In  applying 
contact  Insecticides  to  the  surface  of  walls  of  buildings  It  Is 
necessary  to  get  maximum  use  out  of  mechanized  equipment . 

Along  Kith  the  application  of  Insecticides  for  destroying 
mature  flies  In  premises  one  should  use  fly  swatters,  sticky  paner, 
sticky  tapes. 

In  order  to  prevent  Infestation  by  flies,  especially  In  food 

enterprises,  medical  and  children’s  establishments  the  windovrs  and 

when  necessary  the  doors  should  be  equipped  with  metal  screens 
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with  a  mesh  size  of  l.b  mm  . 

Of  great  Importance  Is  the  destrur tlbn  of  hibernating  flies. 

To  prevent  the  prepupae  from  going  into  hibernation  It  Is  necessary 
In  autumn  to  carry  out  especially  through  treatment  of  waste  material 
and  soil  with  larvlcldes.  In  spring  the  destruction  of  the  fly 
larvae  and  pupae  wintering  in  the  soil  and  waste  material  should  be 
executed  In  accordance  with  the  given  entomological  observations. 

Mature  files  wintering  In  premises  should  be  destroyed  with  the 
h-)lp  of  fly  swatters  or  Insecticidal  chlorophos  paper. 


Table  ^5.  Larvlcides  for  destroying  fly  larvae  In  the  liquid  contents 
of  latrine  cesspools  and  slop  pits. _ 


Name  of  the 
preparations 

Form,  concentration  of  the 
applied  preparatloa  and 
its  method  of  preparation 

Expenliture  per  a^  of  . 
s^aea  ^  wasta  natarlal 

and^tha  numbar  of  treat¬ 
ments  ^r  month 

CreoUn 

lOjt  a^  WOOS  esmleion  (1  kg 
of  prsfaratlon  is  combined 
with  mater  to  asHs  lO  l ) 

1.5-2  and  the  number  of 
treatments  is  3-5  times 
par  month 

Naphthlysol 

Tbs  Bam 

The  same 

UnpurlfLed  carbolic 
acid 

Without  dilution 

n  Iff 

Unrefined  oil 

The  same 

3-li  t  and  tha  mud>ey  of 
treatments  is  3-10  times 
per  month 

A  mixture  of  ut^urlfied 
carbolic  acid  with 
naphthalysol 

10^  aqueous  emulsion  (900  g 
of  uipurified  carbolic 
acid  ore  mixed  with  100  g 
of  naphthlysol  and  water 
is  added  to  make  10  t  ) 

3-2i  i  with  the  noihar  of 
treatments  up  to  10  times 
par  month 

Green  oil  -  the  by¬ 
product  of  oil 
processing 

Without  diluti*.-’) 

1.5-2  t  with  tha  number 
of  treatments  2  tlmss 
per  month 

Chlorinated  lime  with 
the  chlorine  content 
not  less  than  2$% 

The  lumps  are  ground  iq>  and 
applied  in  dry  form 

1  kg  aad  the  number  of 
treatments  is  10-15 
tines  per  month 

12f  HCCH  disinfecting 
powder 

In  dry  form 

300  g  and  the  number  of 
treatments  is  lt-5  times 
per  month 

2f  aqueous  suspension  (for 
preparing  1  buckec  of  a 
woridng  suspension  there 
are  taken  2  kg  of  disin¬ 
fecting  powder  and  water 
is  added  to  make  10  1 ) 

500  mt  and  the  number  of 
treatments  is  i4-5  tines 
per  month 

HCCH  disinfecting 
powder 

In  dry  form 

150-200  g  and  the  number 
of  treatments  is  li-$ 
times 

15^  HCCH  emulsion 

2i  aqueous  emulsion  (1.5  kg 
of  factory  emulsion  and 
water  added  to  make  10  « ) 

500  g  and  the  number  of 
treatments  is  3-5  times 
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Table  45  (Continued 

1. 

Nsiae  of  the 
preparations 

Fomij  concentration  of  the 
applied  preparation  and 

Its  method  of  preparation 

Expenditure  per  m^  of 
surface  of  waste  material 
and  the  number  of  treat¬ 
ments  per  month 

Poljrchloropinene  (6$$ 
eonoentrate) 

$ft  aqueous  emulsion  (770  g 
of  concentrate  and  water 
added  to  make  10  t ) 

200  g  and  the  number  of 
treatments  is  3-$ 
times 

A  alxture  of  a  $0%  s 
eolation  of  polyohlo- 
roptnene  In  diefMl 
fuel  with  naphtha- 
Ijrsol  or  DOT  (2$^l 
eaulelon) 

2^  aqueous  emulsion  (of 
polychloroplaene).  To 

I|00  g  of  a  $0%  solution 
of  PCh?  (polychloroplnenej 
In  diesel  fuel,  while 
mixing,  there  are  added 
400  g  of  naphthalfsol 
or  ItOO  g  of  DDT  emulsion. 
The  mixture  Is  qonplemen- 
ted  with  water  to  make 

10< 

200  m£  and  the  number  of 
treatments  is  3-5 
times 

Chlorophos 

1 

2%  aqueous  solution  (200 
g  of  chlorophos  comple¬ 
mented  with  10  £  of 
water) 

200  m  £  and  the  number  of 
treatments  is  2-li  times 

Trlohloronstapho8-3 
(}0-$0%  concentrate } 

0.1)(  aqueoas  emulsion 
(30  or  20  g  of  TChMP-3 
( trichlorometaphos) 
complemented  with  10 £ 
of  water) 

0.5  £  per  point  and  the 
numiber  of  treatments  is 

1  1/2  to  2  times  per 
month  in  the  tenperate 
climate  belt}  2-3  times 
in  a  hot  climate 

Wofatox  disinfecting 
ponder  (2.$% 

■etaidios  disinfecting 
ponder) 

Applied  in  disinfecting 
ponder  form 

1 

1 

100-200  g  and  the  number 
of  treatments  js  6-8 
times 

Saiu-'ene 

1)  Without  dilution 

0.5  £  per  point  and  the 
number  of  treatments  is 
2-3  times  per  month  (in 
regions  with  a  tenperate 
climate) 

2)  Water-so^p  emulsion 
(500  g  of  kerosene 
complemented  with  hi 
of  soap7  water) 

It  £  per  pound  and  the 
number  of  treatments  is 

I4  times  per  month  in 
regions  with  a  dry  hot 
climate 
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Tabie  46  (Continued 


Tab 1 e  ^6  (Continued). 


Table  47.  Insecticides  for  destroying  fly  larvae  and  pupae  In  solid 
waste  material  fand  in  soil _ _ _ 


Name  of  the 
preparation 

Form,  concentration  of 
the  applied  prepara¬ 
tion  and  the  method  of 
Its  preparation  for 
application 

[Expenditure 

2 

per  m  of 
surface  with  a 
thickness  of 
the  layer  of 
waste  material 
from  30-50  crrt* 

Number  of 
treat¬ 
ments  per 
month 

Creolln 

10%  aqueous  emulsion 
(1  kg  of  creolln  is 
complemented  with 
water  to  make  10  i) 

From  2-5  1 

6-9  times 

Napthalysol 

20%  aqueous  emulsion 
(2  kg  of  napthalysol 
are  complemented  with 
water  to  make  10  i) 

From  2-5  l 

8-10  times 

A  mixture  of  unpurl- 
fled  carbolic  acid 
with  napthalysol 

101  aqueous  emulsion 

From  2-5  1 

8-10  times 

Green  oil 

Without  dilution 

From  2-3  1 

2-4  times 

Polychloroplnene 

(65$  concentrate) 

Pq  ly c  hlorocamphene 
(65)5  concentrate) 

2%  aqueous  emulsion 
(300  g  of  concentrate 
are  complemented  with 
water  to  make  10  i) 

From  2“^  l 

3-4  times 

0 

A  mixture  of  a  50% 
solution  of  poly- 
chloropinene  In 
diesel  fuel  with 
napthalysol  or 
with  a  25%  DDT 
emulsion 

Aqueous  emulsion  (of 
polychloroplnene ) 

From  2-^  1 

3-4  times 

Chlorophos 

0.535  aqueous  solution 
(50  g  of  chlorophos 
or  100  ml  of  a  5035 
chlorophos  solution 
are  complemented  with 
water  to  make  10  1) 

From  2-4  1 

3-4  times 

Trlchlormetapho8-3 
(30%  or  50%  concen¬ 
trate) 

0.135  aqueous  emulsion 
(30-20  g  of  30  or  5035 
concentrate  of  trich- 
lorraetapho8-3  respec¬ 
tively  are  complementecj 
to  make  10  t) 

From  3-4  i/m^ 

2-3  times 

Q 
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Table  ^^7  (Continued), 


Name  of  the 
preparation 

1 

Form,  concentration 
of  the  applied  prepa¬ 
ration  and  the  method 
of  its  preparation 
for  application 

Expenditure 

2 

per  m  of 
surface  with  a 
thickness  of 
the  layer  of 
waste  material 
from  30-50  cm* 

Number  of 
treat¬ 
ments  per 
month 

2.5?  wofatox 

In  the  form  of  dlslnr 

100-200  g  of 

8  times 

disinfecting  powder 

< 

fectlng  powder  and 
aqueous  suspension 
(100-200  g  of  disin¬ 
fecting  powder  10  l 
water 

disinfecting 
powder  2-5  l 
of  aqueous 
suspension  of 
the  disinfect¬ 
ing  powder 

*In  accumulations  of  waste  material  In  all  cases  the  expenditux»e 
of  the  working  fluid  Is  10-12  t/ra^. 


Special  attention  should  be  given  to  exterminating  flies  at  foci 
of  intestinal  diseases,  poliomyelitis,  conjunctlvltes,  tuberculosis 
and  other  infections  transmitted  by  flies.  The  main  problem  in 
carrying  out  both  the  current  and  also  the  concluding  disinfestation 
is  the  one-time,  rapid  destruction  of  all  flies  located  in  the 
apartment  of  a  diseases  person. 

For  this  (before  carrying  out  disinfestation)  with  closed 
windows  and  doors,  not  allowing  the  flies  to  escape  from  the  premises, 
fast-acting  insecticides  are  used  -  pyrethrum  preparations  (fleaclde, 
pyrethrum  disinfecting  powder),  aerosol  bombs,  DDT  pots.  Subsequently 
in  the  premises  chlorophos  is  applied  as  a  contact  poison,  and 
also  set  out  for  the  fly  population  are  insecticidal  chlorophos 
pa^er  and  sticky  tapes;  the  use  of  fly  swatters  is  also  recommended; 
etc.  Simultaneously  there  are  treated  with  larvlcides  waste 
material  in  receptacles,  the  surrounding  soil,  a  schedule  is  set 
up  for  the  timely  removal  of  waste  material  (Table  ^5*  ^6,  ^7). 

•  • 

« 
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In  the  course  of  this  account  we  have  repeatedly  indicated  the 
necessity  of  conducting  disinfestatlonal  antifly  measures  taking 
Into  account  the  phftnomenon  of  specific  resistance  of  house  files 
to  insecticides.  Tc  prevent  this  phenomenon  It  is  necessary  to 
apply  Insecticides  in  accordance  with  the  ecology  of  the  flies. 

In  particular,  there  was  noted  the  expediency  of  using  in  combatting 
mature  flies  poisoned  baits  with  the  introduction  of  insecticides 
attracting  insects  an  I  highly  toxic  to  them.  Regular  (not  less 
frequently  than  once  every  2-3  years)  appraisal  of  the  sensitivity 
of  local  :'opulatlons  of  house  flies  to  the  insecticides  being 
applied  is  a  necessity.  Timely  replacement  of  insecticidal  prepa¬ 
rations  should  when  possible  prevent  the  formation  of  fly  populations 
with  hereditarily  secured  resistance  to  individual  groups  of 
chemical  poisons. 

These  determinations  are  carried  out  by  the  local  application 
(with  mlcroplpettes  or  microloops)  of  solutions  of  test  insecticides 
in  acetone  or  in  ethyl  alcohol  on  the  mldback  of  female  house  flies. 
Changing  the  concentration  of  the  solutions  of  the  preparations 
determines  the  LD-^  of  the  test  insecticide  for  the  investigated 
fly  population. 

On  the  basis  of  control  works  conducted  in  various  climatic 
zones  of  the  Soviet  Union  it  may  be  concluded,  that  in  cases  when 
the'LD^Q  for  DDT,  hexachlorane  and  polychloroplnene  at  an  air 
temperature  of  24-26®  exceeds  with  local  application  on  a  female 
6-10  jjg,  the  sensitivity  of  the  insects  of  the  test  population 
to  the  given  preparations  has  been  weakened.  The  application  of 
these  insecticides  at  an  air  temperature  exceeding  22®  in  combatting 
house  flies  of  a  given  population  is  inexpedient.  In  those  cases, 
when  the  LD^q  with  local  application  on  a  female  house  fly  of 
solutions  of  polychloroplnene  in  acetone  at  a  temperature  of 
24-26®  exceeds  15-20  pg  it  is  necessary  to  stop  using  mixtures  of 
this  insecticide  with  dicoei  fuel,  napthalysol,  DDT  in  combatting 
Che  prelmaginal  phases  of  house  flies  under  local  conditions.  In 
this  case  it  is  necessary  to  use  larvlcides  from  the  organophos¬ 
phorous  group  of  compounds,  phenols,  cresols. 
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Chlorophos  is  completely  effective  with  respect  to  house  flies 
in  cases,  when  the  LD^q  with  local  application  of  this  preparation 
on  a  female  of  the  natural  population  being  tested  varies  at  a 
temperature  of  2^-26®  from  0.2  to  1.5  yg  and  more.  It  is  necessary 
to  note  that  the  application  of  chlorophos  for  8  years  in  mytlshchl 
(Moscow  oblast),  its  use  during  the  course  of  5  years  in  Tashkent 
with  the  above  described  tactics  of  carrying  out  of  the  exterminating 
operations  did  net  promote  the  appearance  in  the  enumerated  cities 
of  tolerance  .in  tho  local  populations  of  house  flies  to  this 
preparation  (T.  A.  Bolotova,  I.  V.  Ovozdeva,  K.  S.  Zalrov,  Yu. 

N.  Mlsnlk,  S.  I.  Novikov,  M.  N.  Sukhova). 

As  is  evident  from  what  has  been  said,  measures  for  combatting 
flies  present  a  rather  complicated  problem  requiring  appropriate 
organization  and  subsequent  control.  These  latter  should  be 
carried  out  by  sanitary-epidemiological  stations,  sanitary- 
epidemiological  branches  of  regional  hospitals,  and  in  the  big  cities 
by  dislnfestational  stations.  The  responsible  executors  in 
realizing  antifly  measures  according  to  the  division  of  sanitary- 
prophylactic  operation  are  development  administrations,  cleaning 
establishments,  administrations  of  housing-communal  service  of  the 
local  executive  committees  of  the  Councils  of  deputies  of  workers, 
enterprises  of  the  food  industry  and  public  nutrition,  sovkhozes, 
kolkhozes,  medical-prophylactic  establishments,  house  owners,  etc. 
Exterminating  measures  are  carried  out  by  the  appropriate  dlslnfes- 
tatlonal  establishments  in  conjunction  with  communal  service  workers, 
and  also  the  population  itself. 

Operations  for  combatting  flies  should  be  conducted  according 
to  a  general  plan  which  is  part  of  the  overall  schedule  of  measures 
of  the  sanitary-epidemiological  service  on  reducing  diesel  incidence 
of  intestinal  infections. 

In  a  plan  for  combatting  flies  there  are  specified  concrete 
measures  for  developing  and  for  the  sanitary  purification  of  individual 
sections  of  populated  sites,  the  insecticides  to  be  applied  at 
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these  sites  I  the  volume,  methods,  pex^iods  of  execution  of  extermlnatinpr 
measures,  control  observations;  responsible  executors  are  designated 
for  each  division  of  the  operation. 

Measures  for  combatting  flies  should  be  conducted  at  all 
populated  points,  but  especially  intensively  In  sections  with  Increased 
disease  Incidence  with  Intestinal  and  other  infections  transmitted 
by  these  insects.  It  is  necessary  to  carry  out  antifly  measures  during 
the  whole  year,  and  In  planning  the  work  It  Is  necessary  to  consider 
the  Individual  seasons,  and  also  the  local  climatic  and  economic 
peculiarities. 

Calculating  the  Number  of  Synanthroplc  Piles  and 
the  Possibility  of  the  Maximum  Reduction 
of  the  Number  of  These  Insects  at 
Populated  Sites 

The  collecting  and  the  calculation  of  the  number  of  mature  flies 
are  carried  out  using  traps  with  baits  attracting  these  insects, 
and  by  active  collection  with  nets  and  test  tubes. 

As  traps  In  closed  premises  sticky  paper  is  used,  outside  — 
fly  catching  nets,  using  fermenting  dough  and  yeast  as  bait.  It 
is  also  expediently  to  carry  out  the  calculation  of  the  number 
of  flies  using  insecticidal  chlorophos  paper  prepared  with  ammonium 
carbonate.  In  a  deep  plate  there  are  placed  6  sheets  of  chlorophos 
flypaper  with  an  overall  area  of  60  x  60 ^bm;  it  Is  filled  with 
300  mi  of  water  and  placed  for  a  day  at  a  calculation  point  (Inside 
or  outside).  After  twenty-four  hours  the  dead  flies  are  removed 
and  counted. 

At  monotyplc  sites  according  to  the  character  of  development 
and  the  methods  of  carrying  out  the  disinfestatlonal  operations 
there  are  placed  not  less  than  two  fly  nets  baited  with 

chlorophos  flypaper.  The  number  of  c  •  '  points  Inside  for 

catching  mainly  house  flies  should  excetu  tne  number  of  calculation 
points  outside  by  not  less  than  3  times  In  each  section  respectively. 


On  the  basis  of  obtained  calculation  materials  there  aw  compiled: 
1)  curves  of  the  seasonal  dynamics  of  the  number  of  house  f3,les 
(according  to  the  calculation  data  In  the  premises),  2)  curves 
of  the  seasonal  dynamics  of  the  number  of  predominant  synanthroplc 
files  of  exophlllc  species  (according  to  calculation  data  In  raonotyplc 
traps  outside).  These  curves  compare  with  the  course  of  metfeo- 

t 

rologlcal  elements,  the  seasonal  distribution  of  Infections  trans¬ 
mitted  by  flies.  Based  on  the  data  for  calculating  the  number  of 
flies,  the  seasonal  Indices  of  the  number  of  Insects  are  calculated. 

The  seasonal  index  of  the  number  of  mature  flies  Is  considered  the 
average  number  of  flies  of  one  species  (or  the  total  populations 
of  various  species)  caught  In  one  catching  period  In  on*  trap, 
considering  the  total  amount  of  traps  and  calculations  conducted 
during  the  periods  of  vital  activity  of  insects  (M.  N.  Sukhova). 

The  calculation  of  the  number  of  preimaglnal  phases  is  carried 
out  either  visually,  or  for  scientific  and  practical  purposes  by 
test  sampling  at  the  main  fly  breeding  sites,  every  ten  days  if 
possible.  Samples  are  taken  taking  into  account  the  temperature 
of  the  substrate;  under  laboratory  conditions  the  humidity  of  the 
Investigated  waste  material  and  soil  Is  determined.  Each  sample 
is  taken  twice  (In  two  vessels).  Prom  one  the  larvae  are  removed 
by  the  flotation  method.**  The  larvae  and  pupae  found  In  the 
second  vessel  are  kept  until  hatching.  The  hatched  adult  flies, 
and  also  the  fixed  larvae  are  Identified  according  to  the  species 
and  counted.  Proceeding  from  the  total  number  of  samples  taken 
from  monotyplc  biotopes  during  the  season,  a  calculation  Is  carried 
out  of  the  population  density  of  100  g  of  air-dry  substrate  with 
the  preimaglnal  phases  of  flies  (the  Index  of  the  number  of 
preimaglnal  phases)  (M.  N.  Sukhova  and  T.  V.  Yerofeyeva). 

It  Is  necessary  to  consider  that  synanthroplc  flies  are  definite 
indirect  Indices  of  the  state  of  the  sanitary  decontamination  of 
populated  points  from  putrescent  waste  material.  High  Index  numbers 
for  example,  of  blue  spring  flies  Indicate  Insufficient  decontamination 
of  populated  points  In  the  first  place  from  everyday  household 
rubbish;  the  presence  of  market  flies.  Individual  species  of  gray 


flesh  flies  Indicated  direct  fecal  contamination  of  the  soil. 

Finally,  high  index  numbers  for  house  flies  indicate  contamination 
of  the  area  of  populated  sites  with  waste  material  of  the  most 
diverse  origin  (M.  N.  Sukhova). 

On  the  other  hand,  a  maximum  reduction  in  the  number  of 
synonthroplc  flies  with  a  small  volume  of  dislnfestational  measures 
testifies  to  good  (in  a  sanitary-entomological  respect)  decontamination 
of  populated  sites  from  putrescent  organic  waste  material. 

By  the  maximum  reduction  in  the  number  of  individual  species 
of  flies  one  should  understand  a  reduction  in  the  number  of  their 
populations  to  the  extreme  minimum,  at  which  seasonal  rises  in  the 
number  of  these  Insects  are  excluded  and  accordingly  the  possibility 
of  disease  transmission  by  the  transmissive  path.  This  is  observed, 
when  the  seasonal  index  numbers  of  imagoes  of  house  flies  according 
to  the  calculation  data  v'lth  sheets  of  sticky  paper  in  premises 
do  not  exceed  2-5,  and  the  seasonal  Indices  of  the  total  population 
of  exophillc  species  of  flies  (according  to  the  calculation  data 
in  traps  outside)  are  not  more  than  10-20;  seasonal  index  numbers 
of  prelmaglnal  phases  in  waste  material  do  not  exceed  1.0;  in 
soil  not  more  than  0.1  (“fable  ^»8).  It  is  completely  sound  to 
pose  a  question  about  the  complete  destruction  over  large  territories 
of  individual  highly  specialized  obllgate-synnnthropic  species, 
for  example,  such  as  blue  carrion  and  market  flies.  (Destruction 
of  the  house  fly  as  a  species  a  more  difficult  problem  is  due  to 
the  great  ecological  plasticity  of  this  specie.i). 

However,  the  problem  of  the  maximum  reduction  of  tne  number  of 
house  flies.  Just  like  flies  of  the  facultatlve-:;ynanvhroplc  species, 
reducing  their  number  at  populated  sites  to  individual  soeclmens 
is  .completely  accessible  of  solution  and  absolutely  necessary. 


Table  48.  Quantitative  criteria  for  appraising  the  quality  of 
operations  In  combatting  flies  (according  to  M.  N.  Sukhova  and 
T.  V.  Yerofeyeva). 


a)  Appvaiaal  of  the  degree  of  enoounterability  of  eynanthrupie  ftiee 
at  populated  sitea  _  _ _ _ 


Species  of  Insects  and  method 
of  collection 

I  Enoounterability  of  nature  flies  (in 
seasonal  Index  numbers) 

Weak 

moderate 

high 

House  flies  (according  to 
the  calculation  data  In 
promises  on  tapes  of  sticky 
paper)  . 

Total  population  of 
synanthroplc  files  (according 
to  calculation  data  outside 
premises  fly  trap  nets)  .... 

b)  Appvaiaal  of  degree  of  infe 
with  fly  larvae  and  pupae 

5-2  and  below 

2C-10  and 
below 

station  of  aoil 

10-5 

30-20 

and  waate 

10  and  above 

30  and  above 

material 

Substrate 

population  density  of  the  substrate 
(Index  numbers  of  prelmaglnal  phases) 

weak 

moderate 

high  _ 

Waste  material  . 

Soil  . 

1  and  below 

0.1  and  below 

5-1 

1. 0-0.1 

5  and  above 

1.0  and  above 

Footnotes 


*The  word  "synanthropic"  derives  from  the  Greek  words  oov  - 
together  and  —  man. 

^The  term  "synbovlllc"  is  broadly  understood  here  Jn  a  general 
connotation  of  being  connected  with  domestic  animals.  [Editor's 
note:  It  could  derive  from  syn  and  bovine,  l.e.,  synbovlne.] 

^According  to  Ye.  N.  Pavlovskiy,  specific  ones  are  those 
arthropod  carriers,  in  the  organism  of  which  there  occurs  the 
reproduction  of  pathogenic  agents  of  infection  or  Infestation. 

''The  waste  material  Is  flooded  with  a  saturated  solution  of 
table  salt  at  a  ratio  of  1:2  by  volume.  The  larvae  coming  to  the 
surface  of  the  liquid  are  washed  in  cold  water,  then  flooded  with 
boiling  water  and  subsequently  fixed  In  80X  ethanol. 
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CHAPTER  XXXI 


COCKROACHES  AND  THEIR  CONTROL 

••  ♦ 

Cockroaches  belong  co  the  family  Blattldae  order  Blatodea 
order  Orthoptera.  In  living  quarters  there. are  encountered  the 
common  [German]  [red]  (Blatella  germanlca)  and  the  oriental  [black] 
cockroach  (Blatta  orientalls)  (Fig.  28,  29).  There  are  also  other 
species  of  cockroaches  -  the  American  cockroach  (Perlplaneta  americana), 
the  Indo-Australlan  cock’^oach,  Polyphaga  soussurer  and  others. 

A  total  of  more  than  2000  species. 


Pig.  28.  The  conanon  [red]  cockroach 
(German  cockroach).  Blatella  germa¬ 
nlca.  1  -  female  with  cocoon;  2  - 
larva. 
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Pig.  29*  The  oriental  [black J  cockroach 
Blatta  orientalis.  1  -  male;  2  -  female; 
3  -  larva. 


Morphologlco-Ecologlcal  Characteristics 
of  Cockroaches 


v>* 


Common  [German  or  red]  cockroaches,  or  Prussians  are  distinguished 
by  their  yellowish-brown  color;  their  length  is  11-13  mm.  The 
females  are  considerably  larger  than  the  males.  The  cockroach 
body  Is  flattened,  oval  in  shape.  On  the  head  Is  a  pair  of  long 
irany-segment  antennae,  co-’  i-oind,  faceted  and  a  pair  of  simple  eyes. 

The  oral  organs  of  the  cjck^oach  are  of  the  gnawing  type.  The  male 
and  female  common  cockroaches  have  wings;  the  front,  narrow  ones 
play  an  elytrold  role,  the  second  pair  -  folded  ~  are  located  under 
the  first.  Cockroaches  do  not  fly  but  use  their  wings  for  Jumping 
from  heights.  The  legs  of  cockroaches  are  well  developed.  With 
the  help  of  special  i|^tachments  on  the  tarsi  -  suckers  -  they  can 
crawl  along  vertical  surfaces.  The  abdomen  consists  of  10  segments. 

In  the  abdominal  Integument  there  are  glands  secreting  an  unpleasant 
odor;  there  are  also  well-developed  cerol  serving  as  olfactory 
organs. 


_ _ 


The  impregnated  female  cockroach  lays  from  2t'>  to  67  eggs  In  a 
special  cocoon  (capsule),  which  according  to  its  development  enerres 
from  the  posterior  end  of  the  abdomen.  During  her  whole  life  the 
female  lays  up  to  ^  such  capsules.  She  carries  the  capsule  with 
her  for  15-^0  days,  depending  upon  the  temperature,  and  lays  it, 
when  the  larvae  are  ready  to  hatch.  After  30  minutes  white  larvae 
emerge  from  the  cocoon;  within  6  hours  their  color  changes  to  the 
usual  brown  color.  The  larva  passes  through  6  molts.  The  total 
duration  of  development  depends  on  external  conditions:  with 
insignificant  moisture,  a  sufficient  amount  of  food  and  a  temnerature 
of  30®  this  process  is  completed  in  2^  months,  at  22°  the  complete 
development  of  the  larvae  is  completed  in  ^1-8  months,  at  20®  it 
takes  about  6  months,  and  with  lower  temperatures  10-12  months. 

The  optimum  temperature  for  the  development  of  common  and 
oriental  cockroaches  is  25-30°  ;  with  a  decrease  in  the  temperature 
to  4°  the  Insect  is  almost  motionless,  and  at  -5°  it  dies. 

Favorable  conditions  for  the  life  of  the  cockroach  are  warmth, 
humidity  and  an  abundance  of  food;  thus  the  favorite  sites  v/here 
cockroaches  are  found  can  be  kitchens,  bakeries,  dining  rooms, 
breweries  and  other  food  enterprises.  Cockroaches  easily  penetrate 
from  premises  Infested  by  them  through  cracks  in  doors,  floors,  walls, 
along  water  lines  and  gas  pipes  and  power-sifpply  lines  and  move 
into  neighboring  living  quarters. 

Common  cockroaches  can  be  encountered  in  considerable  numbers 
on  steamers  and  ships,  where  they  in  most  cases  are  scattered  all 
over  the  vessel.  The  main  sites  Infested  by  them  are  food-preparation 
sites,  and  the  main  mass  of  the  Insects  is  localized  in  galleys  and 
bakeries.  Under  the  conditions  of  these  biotopes  common  cockroaches 
find  the  optimum  possibilities  for  existence  and  development,  namely 
a  favorable  temperature  regime  in  combination  with  optimum  humidity 
and  a  large  variety  of  food.  Cockroaches  are  also  concentrated  in 
cupboards,  dishwashers  and  warm,  food  pantries.  It  is  possible 
to  encounter  them  in  corridors  connecting  food  preparation  sites. 


behind  pipelines,  behind  electric  lines,  near  heating  equipment. 

In  galleys  cockroaches  nest  behind  stoves,  in  cabinets  with  dishes, 
around  washers  and  under  them,  In  corners  of  walls  and  celling.  In 
bakeries  they  are  concentrated  near  places  where  dough  Is  prepared, 
near  stoves  and  underneath  meat  cutting  blocks. 

Prom  the  food  preparation  sites  cockroaches  spread  all  over 
the  vessel  Into  the  cabins.  On  the  lookout  for  water  and  food  or 
favorable  microclimatic  conditions  common  cockroaches  sometimes 
crawl  Into  other  adjacent  premises.  Such  Infestation  Is  observed 
usually  with  mass  reproduction.  The  first  stage  of  their  migration 
is  Into  toilets,  bathrooms,  showers.  Here  they  concentrate  mainly 
behind  pipelines. 

The  food  of  cockroaches  Is  very  diverse:  black  bread,  I  boiled 
potatoes,  carrot,  sugar  beets,  sugar  syrup,  flour  products,  grain, 
leather,  leather  bindings,  boots,  cotton,  silk,  wool,  paper,  glue, 
animal  corpses,  insects,  people,  defecation,  oil  and  other  fats. 
Cockroaches  are  voracious,  they  crawl  over  food  products,  over 
dishes,  dirty  rubbish  buckets,  spittoons,  tolletseats  in  latrines 
and  with  their  feces  soil  the  household  surroundings.  Hard  foods 
they  crack  with  their  oral  organs  and  dissolve  with  secreted  saliva. 
To  the  absence  of  food  red  cockroaches  are  not  sensitive:  they  can 
starve  for  30-40  days,  and  their  larvae  from  9  to  22  days.  Cock¬ 
roaches  are  active  at  night,  and  during  the  day  hide  In  cracks; 
in  twilight  they  begin  to  crawl  from  their  refuges  and  go  out 
looking  for  food. 

As  a  result  of  the  prolonged  application  of  scch  Insecticides 
as  DDT,  hexachlorane,  the  gamma- Isomer,  dleldrin  and  others, 
cockroaches  have  produced  a  resistance  to  them. 

The  process  of  development  of  the  oriental  cockroach  Is  similar 
with  the  development  of  the  common  cockroach.  A  week  after  mating 
ovlposltlon  begins  In  the  form  of  egg  capsules  with  up  to  l6  eggs 
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in  one  capsule.  In  approximately  2-5  days  female  oviposits  her 
cocoon  in  a  warm  place,  from  which  at  20®  within  6  months,  and  at 
30®  within  2i  months  larvae  hatch.  The  period  of  maturation  deoends 
on  temperature  and  can  be  extended  for  up  to  a  year.  The  larva 
molts  6  times.  Complete  development  of  the  larva  is  achieved  within 
^*-9  months.  The  time  of  complete  development  from  the  epp:  to  the 
mature  stage  is  from  269  days  to  5  years.  One  female  from  April 
up  to  September  can  oviposit  up  to  128  individuals.  The  food  of 
the  oriental  cockroaches  is  the  same  that  of  the  common  cockroach. 

The  American  cockroach  has  dimensions  of  26-32  mm  with  a  red- 
brown  color;  the  elytra  at.d  wings  exist  in  both  sexes;  in  Soviet 
Union  'it  is  sometimes  transported  from  tropics. 

The  cockroaches  Inhabiting  houses  in  Central  Asia  (.Schelfordella 
tartara)  are  brownish-yellow  in  color;  their  elytra  are  rust-brown 
in  color  with  a  whitish  maglnal  area. 

The  cockroach  (Polyphaga  saussurei)  lives  in  the  burrows  of 
gerblls,  in  old  cemeteries  and  in  barns  coming  into  contact  with 
domestic  animals  having  contact  with  man.  In  many  places  of  Central 
Asia  it  also  lives  in  the  living  quarters  of  man  himself. 

Under  the  Influence  of  ionizing  radiation  there  have  been 
established  on  large  larvae  of  the  common  cockroach  both  in  males 
and  females  sterilizing  doses  (3200  R)  and  lethal  doses  (6400-9600 
R).  With  a  dose  of  3200  R  there  is  observed  a  reduction  in  the 
number  of  eggs  deposited  and  a  decrease  in  their  viability.  There 
are  also  noted  certain  changes  in  the  ovaries  and  testes. 

The  Kpidemiologlcal  Significance  of  Cockroaches 

Cockroaches  transmit  pathogenic  agents  of  various  Infections 
(about  40)  not  only  mechanically  on  their  tarsi  and  body  Integuments, 
but  they  can  also  Infect  food  with  their  excretions.  According  to 
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source  material  cockroaches  can  transmit  TB  bacillus,  B.  proteus 
vulgaris,  the  intestinal  bacillus  B.  pyogenes  aureus.  Staphylococcus 
aureus,  Staphylococcus  albus,  Sarclne,  subtllls  molds,  B.  anthracls, 
pathogenic  agents  of  salmonellosis,  poliomyelitis,  the  virus  of 
lymphocytic  choriomeningitis,  the  pathogenic  agent  of  scarlet  fever, 
measles,  6  species  of  protozoa,  12  species  of  helminthiasis  and 
others.  The  bacilli  of  Prlediander,  diphtheria,  typhoid  fever, 
cholera,  leprosy,  sporogenes,  tetanus,  glanders,  pneumoccocl, 
staphylococci  and  Escherichia  coll  pass  through  the  Inte'^tlnes 
of  cockroaches  (oriental  and  common)  without  visible  changes. 

After  consuming  the  '“xcrement  of  persons  Infected  with  cholera 
cockroaches  can  excrete  with  their  feces  Vibrio  comma  for  79  hours, 
and  then  upon  getting  into  a  moist  medium  remain  virulent  for  up 
to  l6  hours.  Bacilli  of  typhoid  fever  can  be  detected  In  the 
intestines  of  the  Insect  for  a  period  of  23  days. 

After  consuming  0.02-0.1  g  of  human  excrement  containing 
Salmonellae,  the  latter  are  detected  In  the  feces  of  cockroaches 
for  a  week.  Salmonallae  were  extracted  from  the  Intestines  of  a 
black  cockroach  caught  in  a  hospital  ward,  where  patients  were 
located  because  of  an  outbreak  of  salmonellosis. 

After  feeding  the  common  cockroach  saccharose,  broth  or  a 
mixture  of  skim  milk,  an  extract  of  yeast  and  saccharose  containing 
bacteria  of  murine  typhus  for  a  period  of  11  days  the  Initial  culture 
was  extracted  from  the  excrement  of  the  cockroach. 

Leprosy  bacilli  were  extracted  from  common  cockroaches 
inhabiting  leper  colonies.  It  has  also  been  established  that  after 
feeding  oriental  [black]  cockroaches  the  sputum  of  persons  Infected 
with  tuberculosis  along  with  the  feces  of  the  Insects  there  were 
excreted  the  mycobacteria  of  tuberculosis,  which  were  completely 
virulent  and  when  injected  Into  guinea  pigs  caused  the  death  of  the 
latter. 

Cockroaches  Infected  through  their  food  with  the  bacillus  of 
anthrax  can  excrete  the  latter  with  their  feces  for  30  days  ana 
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with  a  prolonged  stay  In  the  Intestines  of  a  cockroach  the  bacteria 
of  anthrax  multiply  and  their  virulence  is  increased. 

Plague  microbes  preserve  their  virulence  in  the  intestines  of 
a  cockroach  for  2^  hours j  the  mycobacteria  of  tuberculosis  are 
excreted  in  large  numbers  for  9  days. 

It  has  also  been  established  that  oriental  [black]  cockroaches 
can  be  infected  with  cysts  of  Amoeba  dysenteriae.  Upon  consuming 
these  cockroaches  kittens  became  ill  with  amebic  dysentery. 


According  to  G.  V.  Epstein  and  Ye.  V.  Ekzemplyarskaya  with  the 
introduction  of  a  suspension  of  the  mycobacteria  of  human  tuberculosis 
into  the  body  cavity  of  oriental  cockroaches  there  Is  observed  the 
secretion  of  perivisceral  liquid  corresponding  to  protective 
phagocytic  reaction,  which  begins  within  ^  hours  and  lasts  for  3 
months,  and  in  certain  cockroaches  an  Increase  in  the  number  of 
tuberculosis  mycobacteria  occurs.  With  the  infection  of  cockroaches 
by  feeding  the  mycobacteria  of  tuberculosis  are  excreted  vilth  their 
feces  for  more  than  3  months.  It  has  been  noted  that  in  the  first 
period  both  in  the  perivisceral  liquid  and  also  in  the  feces  of 
cockroaches  the  number  of  tuberculosis  increased,  vriilch  was  confirmed 
by  calculating  the  Introduced  micro-organisms  and  their  number  after 
a  month.  On  the  basis  of  this  the  authors,  came  to  the  conclusion 
that  in  the  organism  of  cockroaches  the  reproduction  of  tuberculosis 
mycobacteria  occurs , 


Measures  for  Combatting  Cockroaches 

The  methods  of  combatting  cockroaches  and  also  other  insects 
Include  carrying  out  prophylactic  and  exterminating  measures.  One 
of  the  most  Important  prophylactic  measures  is  the  maintenance  of 
cleanliness  in  order  to  deprive  cockroaches  of  their  food  and  places 
for  shelter.  It  is  necessary  to  thoroughly  cover  food  products, 
to  clean  up  kitchen  waste  material  and  food  residue.  In  kitchen 
premises  and  at  enterprises  for  public  dining  all  seams  and  cracks 
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(in  the  floor,  In  walls)  should  be  carefully  sealed,  and  drains  and 
ventilation  openings  should  be  screened  with  flne-mesh  screen. 

Exterminating  measures  are  divided  into  chemical,  mechanical 
and  physical. 

The  basic  measure  in  combatting  cockroaches  is  the  creation  of 
barrier  zones  by  treating  with  chemical  preparations  (powder  and 
liquid  forms)  sites  infested  by  them.  Because  it  Is  not  always 
possible  to  treat  their  reproduction  sites,  their  breeding  sites 
in  premises  are  treated.  Cockroaches  heading  out  to  look  for  food 
and  water  are  forced  to  crawl  through  the  protective  zones,  as  a 
result  of  which  they  are  poisoned  and  die.  Poisonous  substances  (most 
frequently  In  the  form  of  disinfecting  powders)  are  not  only  applied 
to  the  surfaces  of  floors,  tables,  and  cupboards,  but  also  in  liquid 
form  they  are  also  introduced  with  the  help  of  palrt  brushes  or 
special  sprayers  into  cracks  serving  as  hiding  places  for  cockroaches. 
For  destroying  oriental  cockroaches  there  are  treated  mainly  the 
baseboards  and  cracks  in  floors,  which  serve  as  breeding  sites. 

For  impregnating  surfaces  liquid  preparations  are  used.  Surfaces 
treated  in  the  manner  acquire  insecticidal  properties  for  a  more  or 
less  prolonged  period  of  time. 

Of  the  chemical  preparations  there  are  applied  DDT,  hexachlorane , 
its  gamma- isomer,  chlorophos,  metaphos,  strobane,  chlordane,  dleldrln, 
trlchlorometaphos-3  sodium  fluoride,  borax,  boric  acid  and  others. 

All  the  enumerated  preparations  are  toxic  to  people,  therefore  when 
working  with  them  it  is  necessary  to  observe  precautionary  measures. 

It  is  necessary  to  see  that  they  do  not  get  into  food  products. 

Before  setting  about  disinfestation,  it  is  necessary  to  remove 
from  the  premises  or  to  thoroughly  isolate  food,  food  products, 
dishes  and  so  on.  The  treatment  of  food  enterprises  is  carried  out 
after  the  end  of  a  working  day;  it  is  even  better  to  do  this  before 
a  holiday  and  to  remove  the  preparation  residue  in  the  morning 
before  the  beginning  of  work.  Kitchens  in  dwellings  are  treated 
in  the  evening,  and  after  treating  it  is  not  recommended  that  they 
be  used  before  cleaning  up  the  preparations  in  the  morning. 
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The  preparations  are  atomized  on  the  surface  of  floors,  behind 
baseboards.  In  cracks  and  openings,  along  water  lines  and  sewor 
pipes,  on  surfaces  of  cupboards  and  cabinets  turned  towards  walls, 
and  on  the  lower  parts  of  tables,  stands  and  shelves.  Also  subjected 
to  dusting  are  ventilation  vents,  gas  pipes,  etc. 

When  cleaning  up  the  residues  of  the  powders  of  DDT,  hexachlorane, 
sodium  fluoride  and  other  preparations  are  carefully  removed; 

Insects  are  swept  up  and  burned.  Implements,  equipment,  dishes 
and  other  objects  located  in  the  premises  are  thoroughly  cleaned 
and  washed . 

A  study  of  the  repellent  properties  of  7  Insecticides:  DDT, 
chlordane,  lindane  (the  gamma-isomer  of  hexachlorane),  dleldrln, 
heptachlor,  allethrln,  pyrethrum  extract  showed  that  with  increased 
dosages  the  enumerated  Insecticides  with  the  exception  of  DDT 
possess  weak  repellent  properties.  The  DDT  even  In  Insignificant 
quantities  possessed  high  repellent  properties.  In  the  usually 
applied  doses  not  one  of  the  remaining  Insecticides  showed  repellent 
or  attractant  properties. 

In  an  Investigation  of  the  tissues  of  cockroaches  poisoned 
with  DDT  2  days  before  their  death  It  was  established  that  the 
amount  of  glucose,  glycogen,  fat  and  water  compose!  respectively 
38,  27,  83  and  8^J  of  the  normal  amount;  the  same  decrease  was  found 
In  cockroaches  poisoned  with  strobane,  respectively  ^3,  9? 

and  69? ;  analogous  data  were  obtained  In  a  study  of  metaphos  with 
the  distinction  that  the  amount  of  fat  in  insects  poisoned  with 
metaphos  did  not  decrease.  Apparently,  the  reduction  In  carbo¬ 
hydrates  and  fats  occurred  as  a  result  of  a  great  amount  of  muscular 
work.  Death  ensued  as  a  result  of  exhaustion:  the  fact  that  the 
fat  reserves  during  poisoning  with  metaphos  were  untouched  can  be 
explained  by  the  more  rapid  advent  of  paralysis  than  with  poisoning 
with  DDT  and  strobane.  In  Insects  poisoned  with  dleldrln  the 
content  of  glucose,  glycogen  and  fat  was  approximately  the  same 
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as  In  control  Insects.  This  Is  explained  by  the  fact  that  In  Its 
action  mechanism  dleldrln  differs  from  DDT,  strobane  and  metaphos. 

The  content  of  water  in  Insects  poisoned  with  DDT,  strobane,  metaphos 
and  dleldrln  was  respectively  8^,  70,  88  and  68jC  from  that  found 
In  the  control  (Clark  and  others). 

A  study  of  the  sites  of  DDT  metabolism,  Injected  Into  the  blood 
stream  of  the  oriental  cockroach  showed  that  the  preparation  exists  In 
the  digestive  tract,  the  gonads,  the  fat  bodies,  the  malplghlan 
vessels,  thoracic  muscles  of  adult  male  and  female  cockroaches  In 
which  various  doses  of  the  preparation  were  Introduced.  In  both 
sexes  the  greatest  quantities  of  DDT  were  detectea  In  the  digestive 
tract,  thoracic  muscles,  fat  bodies  and  In  discarded  tissues  (In 
molting).  The  same  broad  distribution  of  DDT  was  detected  In 
nymphs  (males  and  females)  of  the  last  stage  In  which  the  preparation 
was  Introduced. 

Metabolism  of  DDT  In  DDE  occurs,  apparently.  In  all  the 
mentioned  tissues,  although  In  certain  of  them  In  more  limited 
dimensions.  For  adult  males  and  females  DDE  was  detected  In  the 
largest  quantity  In  the  fat  bodies.,  the  digestive  tract  and  the 
external  Integuments. 

In  common  and  American  cockroaches  Agosln  found  a  new  micro¬ 
somal  enzyme  transforming  DDT  Into  Keltan  [Kelthane]  a  compound 
very  close  to  It  and,  possibly,  constituting  a  mixture  of  several 
enzymes.  A  similar  enzyme  was  also  detected  In  house  flies. 

The  DDT  and  hexachorane  are^used  In  forms  of  dusts  (disinfecting 
powders)  containing  10$  DDT  and  5-6$  hexachlorane,  at  a  dose  of 
20-35  s/m^  of  surface. 

As  was  shown  above,  treating  surfaces  with  DDT  preparations 
ensures  good  effect.  An  even  higher  effect  is  achieved  with  the 
use  of  the’ gamma- Isomer  of  hexachlorane.  In  individual  cases  a 
2$  DDT  emulsion  with  a  mineral  oil  Is  used,  but  because  It  soils 
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and  leaves  spots  It  has  not  found  broad  application.  It  Is  necessary 
to  treat  not  only  the  surfaces  visited  by  cockroaches,  but  also 
Implaments,  fissures  and  their  other  nesting  sites.  In  Insects 
coming  Into  contact  with  DDT  or  hexachlorane  prenaratlons  naralysln 
ensues  within  4-5  hours  with  their  subsequent  death  v/lthln  ?-4 
days. 

With  hexachlorane  pencils  streaks  are  anplled  with  intervals 
of  4-7  cm  around  cracks,  holes  In  walls,  stoves,  in  places  v^here 
pipes  enter. 

Inasmuch  as  hexachorane  possesses  a  strong  odor  of  mold,  which 
is  persistent  and  Is  absorbed  by  products,  the  latter  acquire  an 
unpleasant  taste  and  odor,  thus  it  should  be  applied  at  food 
producing  enterprises  only  in  extreme  cases  and  in  very  llmitecJ 
quantities . 

Recently  for  combatting  cockroaches  the  gamma-isomer  of 
hexachlorane  has  been  recommended.  With  respect  to  common  cockroaches 
the  gamma-isomer  is  more  effective  in  disinfecting  nov/der  form. 

With  respect  to  Its  toxic  properties  for  cockroaches  It  Is  higher 
than  chlordane  disinfecting  powder  by  2|-  times.  It  is  more  effective 
than  DDT  by  18  times  and  sodium  fluoride  by  160  times  (Table  49). 


Table  49.  The  dependence  of  the  insecticidal  effect  of  the  pa^ima- 
Isomer  and  other  preparations  on  the  method  of  their  application 
on  Blatella  germanlca  (according  to  Melswander). _ 

lAmounts  of  preparation  (g/m^),  providing 
ithe  death  of  50^  of  the  cockroaches 


Insecticide 

spraying  a 
surface 

dusting  a 
surface  with 
disinfecting 
powder 

dusting  In 
a  chamber 

Oamroa-lsomer  . 

2.8 

GO 

• 

o 

0.2 

Chlordane  . 

1.7 

2.0 

n,6 

DDT  . 

40.0 

15.0 

2.5 

Sodium  fluoride  . 

- 

130.0 

40.0 

The  gamma-isomer  of  hexachlorane  when  administered  to  a 
cockroach  in  combination  with  the  alpha-isomer  of  the  same  compound 
is  less  effective  than  when  it  Is  used  separately. 

Thus,  the  available  data  show  that  with  the  introduction  of 
isomers  of  hexachlorane  there  is  noted  a  certain  antagonistic 
effect  of  the  alpha-  and  delta-isomers  with  respect  to  the  gamma 
Isomers . 
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With  application  on  a  surface  at  a  rate  of  2.5  g/m  the  most 
promising  was  dleldrln,  the  activity  of  which  on  a  surface  was 
preserved  for  29  weeks,  for  it  in  the  order  of  decreasing  time  of 
effective  there  follows  the  gamma-isomer  of  hexachlorane  (3-6  weeks), 
diazinon,  chlordane  and  DDVP. 

Because  of  the  fact  that  at  a  number  of  places  on  the  earth 
the  common  cockroach  has  become  resistant  to  DDT,  chlordane, 
and  dleldrln,  broad  distribution  has  been  acquired  by  the  organophos- 
phorus  compounds,  which  were  also  effective  with  resnect  to  resistant 
populations  however  not  one  of  them  provides  such  a  long-range 
effect  as  takes  place  with  the  use  of  the  chlorinated  hydrocarbons. 
Although  organophosphorous  Insecticides  have  been  applied  in  a 
number  of  countries  for  a  long  time,  nonetheless  there  still  has  not 
been  noted  the  development  to  them  of  resistance  among  cockroaches 
on  a  wide  scale,  with  the  exception  of  the  appearance  of  a  ponulatlon 
of  common  cockroaches  resistant  to  diazinon  in  Kentucky  (USA), 
where  this  population  continues  to  remain  susceptible  to  malathion. 
Other  cases  of  the  development  of  resistance  among  cockroaches  to 
organophosphorous  compounds  under  practical  conditions  have  not 
been  noted. 

Of  the  preparations  recommendel  by  various  authors  —  dlslnfectlnr 
powders  with  pyrophylllte  filler  —  1?  diazinon,  dlcapthan, 
ronnel  and  malathion  (carbophos)  -  the  most  effective  was  diazinon. 
Oil  and  aqueous  solutions  of  the  enumerated  preparations  showed 
highly  effective  results.  The  latter  indicates  that  these  forms 
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of  application  of  the  given  preparations  more  active  than  disinfect Ing 
powders.  Furthermore,  there  are  data  about  the  fact  that  cockroaches 
avoid  deposits  of  disinfecting  powders  of  DDT,  hexachlorane  and  look 
for  passages  not  dusted  with  disinfecting  powder;  in  the  absence  of 
such  places  they  pass  through  the  dusted  surfaces.  Of  great 
significance  is  the  size  of  the  dust  particles.  The  most  effective 
are  disinfecting  powders  the  particles  of  which  pass  through  a  sieve 
with  a  2C0  mesh. 

Concerning  the  advantages  of  oil  solutions  there  attests  also 

the  fact  that  IJ^  solutions  or  emulsions  of  baytex  when  they  are 

used  against  common  cockroaches  provided  effective  results  for  a 

period  of  yO  days.  In  Contrast  to  3?  baytex  disinfecting  powder 

was  very  effective  or.ly  for  30  days.  Dlazlnon  in  the  form  of 

a  2%  disinfecting  powder  remained  highly  effective  for  3  months. 

During  combined  treatment  with  disinfecting  powder  and  emulsion 

(solution)  good  results  were  also  observed.  For  example,  2%  dlazlnon 

disinfecting  powder  with  2%  malathlon  (carbophos)  emulsion  or  wHh 

0.51  emulsion  of  the  same  dlazinon  provided  the  best  results  ns 

compared  to  those,  which  were  observed  with  tjse  use  of  only  disinfecting^ 

powder  or  only  solution.  Highly  effective  was  wofatox  disinfecting 

powder;  with  Its  three-time  application  with  weekly  Intervals  at 
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a  rate  of  3  g/m  the  complete  destruction  of  common  cockroaches  Is 
attained. 

In  contrast  to  the  organophosphorous  insecticides  sevin  (carbamate) 
In  the  form  of  a  5!5  suspension  provided  destruction  of  95-100?  of 
the  cockroaches  during  the  period  of  the  observations  (60  days), 
but  with  the  use  of  the  emulsion  at  the  same  concentration  the 
results  were  ineffective. 

During  a  study  of  organophosphorus  preparations  from  th?:  r  oint 
of  view  of  their  residual  activity  It  was  established  that  thle  latter 
varies  depending  ,  ;  the  character  of  the  treated  surface.  Lfti'oratory 
experiments  show'^d  that  baytex  emulsion  with  a  rate  of  expenditure 
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of  1  g/m  was  ineffective  for  common  cockroaches  with  a  3-hour 
exposure  a  week  after  the  treatment  of  painted  metal  and  asphalt 
tiles,  but  on  masonite  and  unpainted  metal  its  application  provided 
complete  destruction  of  the  Insects. 

At  the  same  dosage  DDVP  when  sprayed  is  effective  on  all 

surfaces,  with  the  exception  of  unpalnted  metal,  whereas  as  a  result 

of  the  application  of  diazlnon  there  was  provided  complete  destruction 

of  insects  on  all  4  surfaces.  The  DDVP  caused  the  destruction  of  9^% 

2  .  . 

of  the  insects  at  rate  of  expenditure  of  2  g/m  on  asphalt  tiles 
2  weeks  after  treatment  as  compared  to  the  death  of  6f  of  the 
Insects  with  the  use  of  0.5  g/ni  ;  however  on  unpainted  metal  plates 
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with  an  Increase  in  the  rate  of  expenditure  from  0.5  to  2  g/m'' 
the  results  were  not  Improved. 

The  degree  of  effectiveness  of  many  organophosphorous  compounds 
Is  directly  connected  with  the  completeness  of  the  coverage  by  the 
preparation  of  the  surface  being  treated.  In  treating  certain 
surfaces  (wallpaper,  plastering,  etc.)  with  organophosphorus 
compounds  their  discoloration  is  observed  after  the, drying  of  the 
applied  insecticide.  Dicapton  should  be  applied  with  caution 
especially  on  alkaline  surfaces  and  also  when  spraying  of  oil 
solutions  around  floors  of  asphalt  or  vinyl  tiles.  Drops  falling 
on  these  surfaces  cause  their  softening  and  damage  them. 

Plperonyl  butoxlde  is  also  toxic  to  cockroaches;  with  the 
application  of  0.157  pg  of  tagged  preparation  their  death  was 
noted.  The  cockroaches  absorbed  about  88>  within  3  days:  about 
50%  of  the  radioactive  parts  could  be  detected  in  their  excretions 
in  the  course  of  7  days.  The  greatest  numbers  of  radioactive  parts 
per  unit  of  weight  were  contained  in  the  brain,  the  thoracic  ganglion, 
the  anterior  segment, of  the  Intestines,  the  posterior  segment  of 
intestines  and  the  Malpighian  vessels.  Schmidt  and  Dahra  consider 
that  these  tissues  and  organs  take  part  in  the  destruction  of  the 
radioactivity  of  plperonyl  butoxlde  in  female  cockroaches. 

Susceptible  common  cockroaches  and  other  species  of  these 
Insects  can  be  destroyed  completely  with  a  3%  emulsion  or  solution 


of  chlordane,  or  a  0.5!?  solution,  or  a  Jf.  dlslnfrct Inr  nowdrr  of 
dieldrln.  The  application  of  all  the  above-mentioned  preparations 
in  dwellings  or  on  food  objects  should  be  selective  (selective 
treatment  of  surfaces)  using  the  disinfecting  powder  for  treatlnr 
baseboards,  along  water  line  pipes  and  other  places  Infested  by 
cockroaches,  and  also  their  routes  of  movement. 

Sodium  fluoride  is  applied  at  a  rate  of  3-8  f/m  for  treating 
their  reproduction  sites,  and  also  the  horizontal  surfaces,  along 
which  cockroaches  move  toward  food  and  water.  Usually  there  are 
used  powders  containing  50-802  sodium  fluoride,  or  mixtures 
consisting  of  the  preparation  and  granulated  sugar,  or  the  preparation 
and  flour  at  a  ratio  of  1:10-1:^.  In  dusting  surfaces  with  sodium 
fluoride  It  Is  necessary  to  protect  oneself  from  inhaling  It,  since 
this  may  cause  severe  irritation  of  the  mucous  membranes  of  the 
upper  respiratory  tract;  in  individual  persons  it  causes  coughing, 
sneezing  and  nasal  haemorrhage.  Before  dusting  with  the  powders 
it  Is  necessary  to  remove  all  water  from  the  premises,  because  havlnr 
drunk  water  the  poison  Is  diluted!  In  the  Intestines  of  the  cockroaches, 
and  this  partially  breaks  It  down  and  the  number  of  cockroaches 
remaining  alive  Is  Increased. 
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Pyrethrum  is  applied  at  a  rate  of  20  g/m  . 

Also  recommended  Is  the  use  of  12  anabaslne-sulfate  disinfectin'^ 

powder  with  a  chalk  filler  at  a  rate  of  15  g  of  disinfecting  powder 
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per  m  .  The  removal  of  the  disinfecting  powder  and  the  dead  Insects 
should  be  carried  out  on  the  day  following  the  treatment. 

Poisoned  baits.  As  substances  added  to  baits  there  are  most 
frequently  used  organophosphorous  compou  Js  (chlorophos) ,  borax, 
boric  acid,  and  also  sodium  fluoride;  the  preparations  are  mixed  with 
an  attractant  substance,  In  particular  with  flour  and  powdered 
sugar  and  others.  Since  only  dehydrated  borax  caused  the  death 
of  cockroaches.  In  preparatlng  the  mixtures  the  borax  is  first 


calcined,  pulverized,  sifted  and  mixed  In  equal  parts  with  sugar. 

Balts  of  the  following  composition  are  also  used:  1)  borax  70-75 
powdered  sugar  30-25  g;  2)  borax  50  g,  pea  flour  25  g»  wheat  starch 
25  g;  3)  borax  60  g,  powdered  sugar  20  g  and  wheat  starch  20  g. 

As  poisoned  baits  there  are  used  dough,  dried  bread  and 
cereals  of  the  following  composition:  1)  liquid  pea  gruel  200  g, 
borax  65  g»  salicylic  acid  35  g;  2)  boric  acid  10  parts,  semolina 
10  parts,  water  70  parts,  sugar  10  parts;  3)  any  sweet  porridge 
90  parts,  boric  acid  10  parts;  4)  wheat  siftings  90  parts,  sugar 
10  parts:  100  g  of  this  food  base  Is  wet  with  50  ml  of  lOJf  aqueous 
solution  of  chlorophos  and  thoroughly  mixed. 

The  mixtures  are  scattered  at  night  for  several  days  In 
succession  In  places  most  frequently  visited  by  cockroaches.  On 
the  following  day  the  baits  are  gathered  up  and  used  again  or 
are  burned. 

Balts  containing  \%  chlorophos  are  Ineffective  with  respect  to 
common  cockroaches.  According  to  B.  L.  Shura-Bura  and  A.  Ya. 
Glazunova,  after  4-5  distributions  (for  a  period  of  1-2  months) 
of  the  baits  In  the  form  of  bread  or  corn  flour  containing  2% 
chlorophos  the  common  cockroaches  vanish  completely  or  are  encountered 
only  as  solitary  individuals.  As  a  result  of  the  application  of 
bait  (granulated  sugar,  powdered  sugar)  containing  1>(  chlorophos 
the  populations  of  American,  brown  and  Australian  cockroaches  are 
effectively  reduced.  Analogous  baits  with  2!?  trlchlorophone 
[chlorophos]  provided  the  death  of  lb-95%  of  the  American  cockroaches 
in  cow.  barns,  whereas  baits  with  2%  malthlon  (carbophos)  gave  poorer 
results  (Table  50). 

We  give  the  LD^g  In  ug  per  1  g  of  weight  of  the  most  toxic 
insecticides  for  Perlplaneta  amerlcana  when  orally  administered: 

0.74  DDVP,  1.29  thlophos,  6.4  Isolan,  6.6  endrin,  14.5  dleldrln, 

16.4  heptachlor,  42.5  aldrln,  43  malathlon  (carbophos),  45.5 
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thlodan,  63  DDT,  130  chlordane  and  13^  toxaphene  (Heller  and  others). 
Hence  it  la  possible  to  draw  the  conclusion  that  with  the  use 
of  Insecticides  In  bait  the  greatest  effectiveness  Is  possessed 
by  DDVP. 
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Table.  50.  Rates  of  expenditure  of  preparations  per  m.  of 
floor  for  combatting  cockroaches _ _ _ 


llngle  average  expenditure  of 

Average 

preparation  (g)  In  systematlo 

expendl- 

Method  of  application 

llilnfestation 

ture  (g) 

Prapamtlon 

— 

Hmber 

Cookreach  Infestation  ofa 
Ehvslcal  area _ _ _ 

for  a 
single 

working  solutions 

par  y«&r 

to  10^ 

to  25fl 

over  2551 

opera¬ 

tion 

Chjorophoi 

4-« 

l.» 

2 

2.5 

8 

35(  aqueous  solution  for 

treating  infested  sites 

Sfl  ohlorophM 

2-4 

dlilnfeotlng  ponder 

10^  DDT 

3 

3 

10 

20 

35 

0-12 

disinfecting  powder 

10 

20 

35 

2-35(  aqueous  working 

2S^  uOT  evulsion 

«-12 

4 

«  . 

12 

20 

4-« 

emulsion 

Prepemtlon-S 

10 

15 

25 

SO 

Without  dilution 

lift  HCCH  dlslnfeoting 

4~S 

5 

S 

10 

12 

In  a  mixture  with  I05I 

powder 

DDT  disinfecting 

HCCH  •tDulsion 

4-« 

2 

4 

e 

10 

powder  (1:3) 

1.5-451  aqueous  eEiulslon 
of  a  mixture  of  1551 

HCCH  emulsion  anl  2551 
DDT  emulsion  (1:2) 

50-80H  fluoride  sodium 

dislnfeotlng  powder 

s-a 

S 

10 

15 

20 

Pyrethiun  l.S^lt  aqueous 

4-r4 

3 

9 

15 

20 

aqueous  solution  of 

Aeooda 
ing  to 

3 

5 

8 

Pood  baits  with  Insect!- 

ohlorophos  and  bait 

. 

cldss  of  intestinal 

(1«1) 

Borax  70)(,  powdered 
sugar  30^ 

tiona 

. 

action 

fhe  ssM 

3 

5 

8  • 

•• 

The  same 

Borax  60)(.  powdered 
sugar  wheat  starob 

Bono  aold  109(,  semolina 
in*,  sugar  10)t,  water 

»  .» 

3 

5 

.8 

• 

The  same 

70)t 

»  9 

3 

ft 

...  $ 

Ihe  same 

1 

The  application  of  attractants  together  with  the  insecticides 
Increases  the  effectiveness  of  the  latter.  A  hydrolysate  from  the 
feathers  of  domestic  birds  (poultry)  possesses  attractant  properties. 
Highly  attractive  Is  the  sexual  attractant  of  the  American  cockroach, 
which  was  isolated  In  Its  pure  form  and  Identified  as  2,2-dlmethyl- 
3-lsopropylldenecyclopropylproplonate.  It  was  possible  to  synthesize 


852 


Its  hydrogenated  form.  Prom  approximately  10,000  female  cockroaches 
there  was  obtained  12.2  mg  of  pure  attractant  substance  in  the  form 
of  a  yellow  liquid  with  a  characteristic  odor.  It  brought  about 
a  reaction  in  males  In  the  presence  of  a  dose  lower  than  10  yg. 

As  agents  against  cockroaches  repellents  have  found  limited  application. 

Traps .  Among  the  mochanlcal  assets  belong  traps,  which  are 
used  in  special  cases;  near  cockroach  breeding  sites  there  is  placed 
some  kind  of  vessel  with  smooth  walls;  on  its  bottom  there  is  placed 
food  bait,  and  on  the  rim  of  the  vessel  there  is  placed  a  small 
board,  the  other  end  of  which  touches  the  floor,  a  table,  etc. 
Cockroaches  attracted  by  the  bait  climb  up  the  small  board,  fall 
off  and  land  on  the  bottom  of  the  trap  and  then  cannot  escape  from 
there.  The  trapped  cockroaches  are  destroyed. 

Gaseous  agents  (syanogen,  sulfur  dioxide,  chloroplcrln  and 
others)  are  highly  effective  with  respect  to  cockroaches,  but  their 
application  must  be  considered  inefficient,  because  the  destruction 
of  cockroaches  in  individual  sites  of  the  premises  is  ineffective 
and  requires  fumigation  of  the  whole  building. 

Other  agents  and  methods  of  combatting  cockroaches.  Sometimes 
cockroaches  are  subjected  to  freezing  at  a  temperature  of  7-10® 
below  zero,  scalding  with  boiling  water  or  burning  with  a  blow 
torch. 

Besides  the  enumerated  methods,  there  are  also  used  the  so- 
called  "drying  disinfecting  powders"  (silica  gel,  sorbent  dlsinfectinr 
powder)  which  destroy  common  cockroaches  within  an  hour.  Sorbent 
disinfecting  powders  damage  the  cuticle  of  the  Insect,  because  of 
which  it  loses  moisture;  furthermore,  as  a  result  of  the  damage 
to  the  cutlle  the  crystalline  particles  of  disinfecting  powder 
combine  with  the  lipoids  and  the  Insect  dies.  A  study  of  slllco- 
powder  -  aerosol  and  silica  gel  showed  that  after  the  insects  crawl 
through  the  aerosol  within  a  minute  the  common,  eastern  and  American 
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cockroaches  died  after  45,  180  and  270  minutes  (males)  and  95, 

240  and  450  minutes  (female).  The  loss  In  weight  with  death 
constituted  20,  19,  21  and  20%,  17  and  2835  respectively.  Both 
powders  leave  good  films  on  wood,  glass  and  other  surfaces;  common 
cockroaches  also  died  on  these  dry  films. 

Silica  gel  also  causes  the  death  of  bugs,  fleas,  ticks,  lice, 
flies,  but  It  is  difficult  to  apply  for  these  purposes.  The 
preparation  is  not  toxic  to  people.  In  treating  premises  for  cock¬ 
roaches  It  la  necessary  to  leave  a  visible  film  and  not  to  remove 
it  until  all  the  Insects  have  disappeared. 

Repellents  are  finding  application,  for  example  MGK,  repellent 
R-11,  tabutrex  (135)  and  others.  It  is  possible  with  repellents 
to  create  a  protective  barrier  around  food  products,  which  cockroache 
do  not  transgress  for  a  long  time  (for  approximately  4  weeks). 

It  Is  possible  to  combat  cockroaches  by  applying  varnishes 
with  Insecticides  on  surfaces.  The  English  firm  "Shell’’  produces 
for  sale  "insecto-lac",  which  contains  4!?  dieldrln.  An  ar)nlication 
of  this  preparation  gives  good  results  for  6  months  with  respect 
to  susceptible  strains  of  cockroaches;  the  death  of  over  90%  is 
observed  after  a  one-day  exposure  and  complete  destruction  after 
a  3-day  exposure.  Other  insecticides  are  also  being  introduced 
into  varnishes. 

For  combatting  cockroaches  In  small  objects,  for  example, 

In  carta  for  transporting  food  In  insectariums  dry  ice  is  recommended 
The  object  and  the  dry  Ice  are  covered  with  a  nylon  film.  This 
method  Is  not  too  promising  and  if  it  finds  application,  it  will  be 
only  in  exceptional  cases. 
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CHAPTER  XXXII 

MEASURES  FOR  PROTECTING  PERSONNEL  WORKING 
WITH  INSECTICIDES 

All  insecticides  are  toxic  both  to  warm-blooded  animals  (Table 
51)  and  also  to  man.  They  can  penetrate  into  the  human  organism 
through  the  mouth,  skin  and  with  Inhaled  air. 

In  Soviet  Union  the  maximum  permissible  concentrations  and 
doses  (hygienic  norms)  are  determined  on  the  basis  of  experimental 
investigations  and  industrial  observations  conducted  by  scientific- 
research  hygienic  institutes  and  are  confirmed  by  the  Main  State 
Sanitary  Inspection  Agency  of  the  USSR.  The  data  cited  in  Table 
52  were  examined  by  the  Committee  on  the  Regulation  of  Chemical 
Poisons  and  confirmed  by  the  Main  State  Sanitary  Inspection  Agency 
of  the  Ministry  of  Public  Health  of  the  USSR. 

Officially  accepted  at  the  American  Conference  of  Hygienists 
in  1955  were  the  maximum  permissible  doses  of  aldrln  and  dleldrin 
in  the.  air;  they  were  0.00025  mg/z  and  for  chlordane  0.002  mtr/l. 

The  most  dangerous  insecticides  for  man  were  considered  to  be 
those,  which  possess  volatility,  as,  for  example,  methyl-bromide, 
chlorcplcrin,  prussic  acid,  because  they  enter  the  organism  through 
the  respiratory  organs,  but  this  almost  corresponds  with  the  direct 
introduction  of  the  preparation  into  the  blood  stream. 


Table  51.  The  LD^q  for  female  and  male  rate  of 

organophosphorous  Insecticides  and  chlorinated  hydro¬ 
carbons  when  orally  administered  and  with  application  on 
the  skin  (according  to  Woyland). 
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Table  52,  Maximum  permissible  concentrations  and  doses 
established  by  the  State  Sanltory  Inspection  Agency  of 
the  Ministry  of  Public  Health  of  the  USSR  (according 
to  L.  I.  Medved'). 
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As  minimum  measures  of  precaution  for  personnel  working 
with  insecticides  the  following  measures  are  recommended:  1)  all 
workers  should  be  acquainted  with  the  toxic  properties  of  the 
preparations,  with  which 'they  are  working;  2)  the  workers  should 
be  provided  appropriate  medical  examinations,  and  also  the  means 
for  rendering  help  in  the  case  of  accidents;  3)  persons  with  cuts 
on  the  skin  or  skin  irritations  in  places  accessible  to  insecticides 
should  not  be  allowed  to  work,  inasmuch  as  such  wounds,  as  is  known, 
promote  the  penetration  of  the  insecticides  into  the  organism; 

4)  it  is  desirable  that  workers  should  locate  under  the  effect 

of  a  preparation  for  not  more  than  4-j  hours  during  a  working  day, 
if  this  preparation  is  applied  dally  for  a  prolonged  period  of  time; 

5)  when  using  insecticides  it  is  not  recommended  that  work  be  conducted 
without  special  apparel  protecting  the  skin  (robes,  hats  or  hoods, 
rubber  gloves,  footwear  and  so  forth),  and  respirators  protecting 

the  respiratory  tract,  or  gauze  dressings  with  a  cotton  lining 
covering  the  nose  and  mouth  (in  extreme  case  veil);  in  the  case  of 
the  application  of  Insecticides  in  the  form  of  ^ases  or  aerosols 
type  A  gasmasks  most  reliably  protect  the  respiratory  tract; 
personnel  occupied  with  the  mixing  of  concentrates  should  furthermore 
be  equipped  with  an  impenetrable  apron  as  a  supplement  to  their 
protective  clothing;  6)  the  protective  clothes  should  be  individually 
fitted  and  it  should  be  washed  weekly;  in  cleaning  clothing 
contaminated  with  chlorinated  hydrocarbons  (if  it  has  not  been 
possible  to  remove  the  contamination  using  soap  and  water)  it  is 
desirable  to  rinse  it  in  kerosene;  in  removing  organophosphorous 
insecticides  it  is  best  to  apply  soda;  7)  while  working  with 
insecticides  smoking  and  eating  must  not  be  permitted;  before 
eating  it  is  necessary  to  wash  the  hands  and  to  take  other  measures 
of  precaution  so  that  the  insecticide  does  not  get  into  the 
organism  with  the  food;  8)  of  all  the  operations  with  Insecclcldes 
the.  greatest  danger  is  presented  by  work  with  concentrates ,  and  in 
this  type  of  operation  it  is  recommended  that  when  transferring 
concentrates  from  a  large  container  to  other  vessels  (small 
containers)  pumps  should  be  used;  9)  when  using  organophosphorous 
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compounds  it  is  desirable  that  disinfectors  work  with  them  every 
other  day;  furthermore,  in  the  course  of  a  working  day  when  spraying 
them  it  is  necessary  after  each  minutes  to  go  out  into  the  fresh 
air  (for  5-10  minutes),  taking  off  the  respirator;  10)  during 
the  treatment  of  premises  with  insecticides  Is  not  allowed  the  presence 
of  extraneous  persons,  domestic  animals  and  birds  should  not  be 
permitted.  To  the  treatment  site  the  preparation  is  delivered  In 
a  closed  container  (glass  Jar  with  a  screw-on  cover  or  ground-glass 
stopper,  etc);  11)  it  Is  desirable  that  the  apparatus  foi’  spraying 
the  insecticides  have  a  long  hose  (1.5  m);  12)  the  packaged 
insecticides  should  have  clearly  compiled  labels,  in  which  there 
is  indicated:  a)  name  of  the  factory;  b)  name  of  the  preparation, 
c)  formula  with  a  rundown  of  data  on  the  concentration  of  the 
ingredients,  d)  recommended  regions  of  application  and,  where 
necessary,  a  warning  about  undesirable  types  of  use,  e)  basic  measures 
of  precaution,  f)  indication  of  danger,  including  a  "symbol,” 
characterizing  highly  toxic  substances  -  "poison";  g)  recommended 
measures  in  case  of  intoxication;  h)  dlsinfestatlonal  agents  are 
stored  in  closed  packages  in  uninhabited  premises  specially 
intended  for  chemical  poisons;  13)  empty  is  packing  subjected  to 
thorough  cleaning,  for  this  it  is  washed  2-3  times  in  water  and 
preparation  sticking  to  the  walls  is  scraped;  packing  in  which 
organophosphorous  compounds  are  stored  is  additionally  treated  with 
a  5?  solution  of  washing  soda,  and  the  solution  is  left  in  the  packing 
overnight;  the  cleaning  and  washing  of  the  packing  Is  carried  and 
wearing  rubber  gloves,  but  for  disposing  of  the  wash  water  r  snecial 
temporary  pit  is  made;  l^i)  safe  storage  of  empty  or  almost  empty 
packing  is  provided;  it  should  not  be  discarded  and  untrained 
people  allowed  to  touch  it;  these  people  might  use  similar  packing 
for  storage  of  food  products  or  drinking  v/ater,  especially  in  places, 
where  such  packing  is  rarely  encountered;  15)  the  packing  of 
insecticides,  the  preparation  of  working  solutions,  suspensions, 
and  grinding  should  be  carried  out  under  a  .hood  in  well  ventilated 
premises  using  respirators,  gloves  and  protective  goggles  or  in  the 
open  air;  l6)  vessels  and  other  articles  used  in  transporting  and 
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preparing  working  mixture  of  dlsinfestatlonal  agents  should  be 
washed  with  soap  and  water  and  soda;  in  no  case  should  they  be  used 
for  preparing  food  for  people  and  animals;  17)  in  ail  I’orms  of 
dlsinfestatlonal  operations  It  Is  deslx'able  to  avoid  manual  labor; 
when  necessary  and  disinfecting  powders  are  scattered  by  hands, 
the  hands  should  be  protected  by  rubber  gloves;  l8)  premises  and 
(irt-cles  treated  with  insecticides  should  be  well  ventilated  until 
the  disappearance  of  the  sharp  odor  of  the  preparation;  19)  at 
enterprises  for  public  dining  and  in  the  food  Industry  disinfestation 
Is  carried  out  after  the  end  of  the  work  day;  from  dishes  and  food 
products  are  removed  from  the  premises;  also  the  Internal  parts  of 
cabinets,  bins,  shelves,  packing  and  other  objects  Intended  for  the 
storage  of  productt.  are  not  treated;  before  beginning  the  treatment 
of  a  food  preparation  site  It  is  necessary  to  carry  out  a  thorough 
ordering  of  the  premises,  serving  tables  In  the  kitchens  and  other 
places,  in  which  food  products  can  be  stored;  It  Is  not  recommended 
that  Implements,  table  surfaces,  cutting  boards,  scales  and  the 
Internal  parts  of  tables,  cabinets  and  packing  designated  for 
storing  articles  be  treated;  the  same  precautions  are  followed 
before  treating  kolkhoz  markets;  20)  the  workers  should  he  provided 
with  soap  and  other  articles;  at  the  end  of  the  operations  or  during 
break-time  the  work  clothes  are  removed,  the  face  and  hands  are 
washed  with  warm  water  and  soap  and  the  buccal  cavity  Is  rinsed 
out  with  water;  It  Is  desirable  after  work  to  take  a  shower;  21) 
the  workers  should  be  periodically  subjected  to  clinical  medical 
examination;  22)  If  accidents  occur  first  aid  is  given  -  with 
the  appearance  of  the  Initial  symptoms  of  poisoning  (headache, 
weakness,  nausea)  the  afflicted  nerson  is  removed  from  the  premises 
being  treated,  the  work  clothes  are  removed,  the  buccal  cavity 
Is  rinsed  out  with  water,  first  aid  Is  rendered,  and  when  necessary 
the  person  Is  hospitalized. 
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ASSTRACT 

(U)  booksU  interested  in  the  problems 

of  disinfestatlcwn.  (extermLnaticfi;*  of  insects);'  Hr^ontains  dee- 
sciptions  of  contemporeuiy  insecticiios  from  various  groups  of 
che^cal  compounds:  the  chlorinated  hydrocarbons  including 
those  obtained  by  Diene  sjoithesis,  the  uhlorinated  terpenes, 
orgenophosphorous  insecticides,  carbamates,  vegetable  insecticide 
including  synthetic  pyrethrins,  fumigants^  and  various  other  com¬ 
pounds  used  for  exterminating  eirthropods#  ^so  described  sure  the 
forms  of  application  of  the  iiisecticides,  ^eir  B;ih:iergism  and 
antagooism^'^^ mo o  -covered  the  biological  methods  of  combatt¬ 

ing  in8ect8,£^including  attractants,  repellents,  physical  and 
chemical  methods  of  sterilization.  The  epidemlolc^cal  signi¬ 
ficance  of  certain  Insects  (fleas,  lice,  blood-sucking  flies, 
ticks,  bugs,  sand  flies,  moths,  ants,  flies  and  cockroaches)  and  ^ 
the  measures  for  combatting  them  are  aiee  Included  in-'th4a--^odj:,r7~^ 
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